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ADVERTISEMENT. 


My  intention  in  the  following  little 
Treatise,  was  to  furnish  an  accurate  Outline 
of  the  present  state  of  Chemistry,  to  those  per- 
sons who  are  commencing  the  study  of  the 
Science,  or  who  may  be  unable  or  unwilUng 
to  peruse  my  larger  and  more  complete  work 
on  the  subject.  All  historical  details,  and 
all  references  to  authorities  were  out  of  the 
question.  My  sole  object  was  to  include  the 
greatest  possible  number  of  facts  within  the 
smallest  possible  space,  and  to  arrange  them 
in  a  clear  and  perspicuous  manner.  And 
though  a  variety  of  Chemical  epitomes  have 
appeared,  both  in  this  country  and  on  the 
Continent,    possessed,    many    of  them,    of 


(    iv    ) 

much  merit,  and  doing  great  credit  to  their 
authors,  yet  I  flatter  myself,  that  I  may  say 
with  confidence,  that  there  is  hardly  any  of 
them  that  contains  the  same  quantity  of  mat- 
ter within  so  small  a  space.  My  view  in  the 
present.  Treatise,  was  limited  to  present  a  use- 
ful little  book  to  Students,  and  to  furnish 
them  with  a  great  number  of  important  facts 
in  a  small  space,  and  at  a  small  expence. 
How  far  I  have  succeeded  in  my  endeavours, 
I  must  leave  to  the  determinat;ion  of  my 
Readers. 
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ELEMENTS 


CHEMISTRY. 


( 


X^hE  object  of  Chemistry  is  to  ascertain  the  ingredients  of 
which  bodies  are  composed,  tu  examine  the  compounds 
formed  by  tlie  combination  of  these  ii^redients,  and  to  in- 
vestigate the  nature  of  tlie  power  which  occatiioiu  these  com- 
binations. It  may  be  divided  into  three  parts:  1,  A  descrip- 
tion of  the  component  pnrts  of  bodies,  or  of  simple  siibstan- 
res-  S.  A  description  of  compimnd  bodies.  .S.  An  account 
of  the  power  which  occasions  combinations.  This  power  is 
called  ajfiiiilif.  These  three  particulars  form  the  subject  of 
le  three  following  books. 


OF -SIMPLE  SUBSTANCES. 


We  arc  probably  ignorant  at  present  of  bodies,  strictly 
speaking,  elrnvntart  or  simple.    All  that  is  nnderstood  io 


L 


(ONFINABLE  BODIES. 


Chemistry  by  a  simjih  substance,  is  a  substance  not  yet  da- 
composed,  and  which  we  cannot  shew  to  be  a  compound. 
Those  of  that  kind  at  present  known  are  about  48,  They 
may  be  divided  into  two  classes  ;  those  which  can 
fined  in  vessels,  and  of  course  exhibited  in  a  separate  state  f 
and  those  which  cannot  be  confined  in  any  vessels  that  we 
possess,  aiid  the  eustence  of  which  is  only  inferred  from 
certain  phenomena  exhibited  by  the  first  class  of  bodies  in 
certain  circumstances.  Tlie  first  class  of  bodies  may  bi 
called  cojifinable,  the  second  unconjinahle. 


DIVISION  I. 

OF  CONFINJBLE  BODIES. 

The  confinable  bodies  may  be  arranged  under  the  four  ff^ 
lowing  heads : 

] .  Simple  supporters  of  combustion. 
S.  Simple  combustibles. 

3.  Simple  incombustibles. 

4.  Metals. 

Tliese  classes  shall  be  treated  of  in  order  in  the  four  follow- 
ing chapters. 

Chap.  I. 

or  SIHFLE  SUFP0RTER5  OF  COMBUSTIOK. 

The  term,  Supporter  of  Combustion,  is  applied  to  those 
substances  which  must  be  present  before  combustible  sub- 
stances will  buni.  Thus  air  is  a  supporter  of  combustion, 
liecause  a  candle  will  not  bora  unless  it  be  supplied  with  airi 


All  supporters,  not  j-et  decompounded,  are  called  simple. 
We  know  ouly  one  such  body,  namely  oiygoi. 

^B  Sect.  I,    Of  Oxygen, 

This  substance  is  an  air,  or,  as  chemists  use  to  call  aerial 
bodies,  a  gas.*  It  M'as  discovered  by  Dr  Priestley.  It  may 
be  obtaiued  by  heating  biack  oride  of  niaiigaiiesc  iu  an  iron 
bottle  fitted  with  a  long  irou  tube.  The  extremity  of  the 
tube  is  plucked  into  a  trough  of  water  having  a  shelf  a  little 
below  the  surface,  on  which  stands  an  inverted  glass  cylinder 
full  of  water.  The  open  mouth  of  tliis  cylinder  is  brought 
over  the  estremity  of  the  iron  tube.  As  soon  as  the  man- 
gane.w  b  red  hot,  air  issues  from  the  esiremity  of  the  tube, 
and  gradually  fills  the  glass  vessel,  displacing  the  water.  In 
this  way  any  quanbty  of  oxygen  gas  may  be  procured.  Red 
lead  or  red  precipitate  may  be  substituted  for  the  manganese, 
but  they  do  not  yield  so  much  oxygen.  The  salt  called  hy- 
pcroxymuriate  of  potash  may  also  be  used,  and  it  yields  a 
very  great  proportion  of  oxygen.  Oxygen  gas  may  also  be 
obtained  by  putting  the  manganese  in  powder  into  a  glass  re- 
tort and  pouring  on  it  as  much  salphiiric  add  as  will  make  it 
into  a  thin  paste.  The  heat  of  a  lamp  being  applied  to  the 
retort  while  its  beak  is  plunged  into  the  water  trough,  the  gas 
is  diseng^ed  in  considerable  quantity. 

Oxygen  gas  possesses  the  mechanical  properties  of  com- 
It  is  colourless,  invisible  and  capable  of  indefinite 
lansion  and  compression. 

mbustibles  burn  in  it  better  and  brighter  than  iu  com- 
lir.     Animals  can  breathe  it  longer  than  common  ait 
ihout  suffocation. 

term  £iu  is  applied  bj'  clumitts  to  ail  ain  ncegt  itrntm  ait. 


4  SIMPLE  COMBVSTIBLES.  CHAlP.  !I. 

It  has  been  ascertained^  diat  one-fifdi  of  tlie  air  of  the  at- 
mosphere is  oxygen  gas,  and  that  when  thb  portion  is  ab- 
stracted^ the  air  can  neither  support  combustion  nor  animal 
life. 

When  substances  are  burnt  in  oxygen  gas  or  air,  or 
when  animals  breathe  them,  a  portion  of  the  oxygen  always 
disappears,  and^  hi  some  cases,  even  the  whole  of  it. 

Its  specific  gravity,  accordhig  to  Kirwan,  is  1*103,  ac- 
cording to  Davy  M27,  according  to  Fourcroy,  Vauquelin 
and  Seguin  1'087,  that  of  air  being  I'OOO.  At  the  tem- 
perature of  dO^,  and  when  the  barometer  stands  at  30  inches, 
100  cubic  inches  of  common  air  weigh  very  nearly  31  grains 
troy.  100  cubic  inches  of  oxygen  in  the  same  temperature 
and  pressure,  weigh,  according  to  these  results,  34  grains, 
34*74  grains  and  33*69  grains  troy. 

It  is  not  sensibly  absorbed  by  water.  100  cubic  inches  of 
water  freed  from  air  by  boiling,  absorb  3*55  inches  of  this 
gas. 

Oxygen  is  capable  of  combining  with  a  great  number  of 
bodies,  or  it  has  an  affinity  for  them^  and  forms  compounds 
with  them. 


Chap.  II. 


OF  SIMPLE  COMBUSTIBLES. 


By  combustible  is  understood  a  substance  capable  of  burn- 
ing ;  and  by  simple  combustibles,  bodies  of  that  nature  not 
yet  decomposed.  Tliey  are  five  in  number,  namely  hj/dro- 
gerif  carbon,  phosphorus,  sulphur  apd  boracium.  It  is  not 
improbable  that  the  bases  of  all  or  most  of  these  substances 
are  metals ;  but  the  opinion  has  not  yet  been  made  out  in  h 
satisfactory  manner. 


HVIJKUOF.-N-, 


Sect.  I.     Of  Ifylrogeii. 


lljdiogen,  like  oxygen,  is  a  gas.  It  was  first  callt:d  in- 
Jiainmable  ah;  and  Mr  Cavetidbili  must  be  considered  as  its 
real  discoverer. 
)  It  may  be  procured  by  putting  some  clean  iron  filings  into 
I  11  glass  retort,  and  pouring  over  tlieni  sulpliuric  acid  diluted 
H^ith  thrice  its  bulk  of  water.  A  violent  boiling  takes  place, 
[  or,  as  chemists  term  it,  an  fffervefcence,  gas  issues  abundantly 
I  from  the  beak  of  the  retort,  and  may  be  received  like  llie 
I  Axygen  lu  glass  vessels  standmg  iu  a  trough  of  water. 
I  It  is  invisible  and  colourless,  and  possesses  the  mechanical 
I  -yroperfies  of  common  air. 

I'  Wheii  prepared  by  tlie  above  process,  it  has  a  peculiar 
I  smell,  ascribed  at  present  to  the  presence  of  a  little  oil,  form- 
I  ed  by  the  action  of  the  acid  on  the  iron  filings. 
I  It  is  the  lightest  gaseous  body  known.  Its  specific  gra- 
Prity,  according  to  Kirwan,  is  0.0343,  according  to  Lavoisier, 
■'6.0756,  accordii^  to  Fourcroy,  Vauqitelin  and  Seguiii  0.0887. 
BAccording  to  these  various  estiniateif,   100  cubic  iuches  sn- 

■  ^r  the  mean  pressure  and  temperature  weigh  2.6 IS  grains, 

■  S. 373  grains  and  2.75  grains  Troy.    It   is   about   13  times 
B  Jigbter  than  common  air. 

I  No  combustible  substance  will  bum  in  it;  and  no  annual 
K  can  breathe  it  for  any  length  of  time  without  death. 
B  ]t  burns  when  touclied  with  a  red  hot  iron,  or  when 
nffoiight  near  a  llaming  taper.  The  colour  of  the  flame  is  yel- 
■lowish,  and  it  gives  but  little  light.  If  it  be  previously 
Knixed  witli  half  its  bulk  of  oxygen  gas,  it  burns  iustantane- 
H^nsly>  and  witli  a  loud  explosion  like  the  report  of  a  pistol. 
Klf  the  mixture  be  put  into  a  strong  glass__  cylindar,  standing 
Btover  water,  and  kindled  by  an  electric  spark,  the  whole  of  the 
■|w^|M|gs  disappear,  and  the  cylinder  is  filled  with  the  wa- 
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ter.  If  the  vessel  be  standing  over  mercury^  or  be  hermeti- 
cally sealed^  its  inner  surface  becomes  coated  with  pure  wa- 
ter. This  water  was  found  by  Cavendish  equal  in  weight  to 
the  two  gases.  Hence  it  has  been  inferred,  that  water  b  m 
compound  of  oxygen  and  hydrogen  in  the  proportion  of  B5^ 
by  weight  of  oxygen  to  14i  of  hydrogen. 

Hydrogen  is  not  sensibly  altered  or  absorbed  by  water. 
100  cubic  inches  of  water  deprived  of  air  absorb  1 .53  inches 
of  hydrogen. 

Sect.  II.     Of  Carbon  and  Diamond. 

If  a  piece  of  wood  be  heated  to  redness  in  an  iron  bottle, 
or  a  crucible  filled  with  sand,  it  is  converted  into  a  black 
brittle  substance  called  charcoal,  the  properties  of  which  are 
nearly  the  same  from  what  wood  soever  it  has  been  obtained, 
provided  it  has  been  exposed  to  a  sufficiently  strong  heat. 

Charcoal  is  insoluble  in  water,  and  not  affected  (provided 
air  be  excluded)  by  the  most  violent  heat  that  can  be  ap- 
plied. 

It  conducts  electricity,  is  not  liable  to  putrify,  deprives 
meat  of  its  putrid  taste  and  smell,  and  is  an  excellent  tooth 
powder. 

It  absorbs  moisture  with  avidity,  and  likewise  common  air, 
O^gen  and  hydrogen  gas ;  but  less  of  the  last  than  of  the 
two  former. 

When  heated  to  802**,  it  takes  fire,  and,  if  pure,  burns  all 
away  without  leaving  any  residuum.  If  the  experiment  be 
made  in  a  glass  vessel  ^led  with  oxygen  gas,  and  the  char- 
coal be  heated  by  means  of  a  burning  glass,  the  bulk  of  the 
oxygen  ga^  is  not  altered,  but  a  portion  of  it  is  converted  in- 
to another  gas  possessing  quite  different  properties.  It  ren- 
ders lime  water  milky,  and  is  quite  absorbed  by  it,  and  can- 
|iot  be  breathed  without  occasioning  instant  death.  Thiis 
g^  |S  palled  carhofiic  acid.     }t  very^  nearly  equals  in  weight 


kCT.  It.  CARBOK.  t 

wt&ie  charcoal  and  t)ie  oxj^cn  which  have  disappeared.  Hence 
'  it  is  considered  as  a  compound  of  them,   and  from  the  pro- 
portion of  each  employed,  it  is  considered  as  composed  of 
very  nearly  28  parts  of  charcoal  and  72  of  oxygen. 

When  considerable  quantities  of  charcoal  are  burnt  in  this 
manner,  a  portion  of  water  also  appears.  Hence  it  is  con- 
ceived, ttiat  charcoal  contains  a  small  portion  of  hydrogen. 
The  constituent  which  constitutes  by  far  llie  greatest  part  of 
it  is  called  cmboii.  This  supposition  is  corroborated  by  the 
late  experiments  of  Mr  Davy.  Carbon  exists  iu  two  other 
states,  namely  the  diamond  and  plumbago. 

2.  The  diamond  is  a  precious  stone,  transparent,  aiKl  of- 
ten crystallized  in  a  six  sided  prism,  terminated  by  six  sided 
pyramids.  It  is  the  hardest  of  all  bodies.  Its  specific  gra- 
tity  is  about  2.'J.     It  is  a  non-conductor  of  electricity. 

When  heated  to  the  temperature  of  1-1°  of  Wedgewood't 
byrometer,  or  not  so  high  as  the  melting  point  of  silver,  it 
gradually  wastes  away  and  burns.  It  combines  with  nearly 
the  same  quantity  of  oxygen,  and  forms  the  same  proportion 
of  carbonic  acid  as  charcoal.  Hence  it  consists  chiefly  of 
carbon.  From  the  experiments  of  Davy,  there  is  reason  to 
believe  [hat  it  contains  a  minute  portion  of  oxygen  as  one  of 
its  constituents.     Tlie  otlier  coostitueut  is  carbon. 

3.  Plumbago,  called  also  black  lead  and  graphite,  is  well 
known  as  the  substance  of  which  pencils  aremade.  Itisdug 
out  of  the  earth.  It  is  of  a  dark  blue  colour,  and  has  some 
metallic  lustre.  It  is  soft,  brittle  and  infusible.  When 
heated  to  redness,  it  gritdually  wastes  away,  and  is  converted 
into  carbonic  acid,  leaving  a  little  iron  behind.  It  seems  a 
compound  of  pure  carbon,  with  about  one  20th  part  of  its 
weight  of  iron  *. 

Carbon  combines  widi  hydrogen,  and  forms  a  gas  for- 
merly called  heavy  ii^ammable  air,  now  carbureted  hjdro- 


|«btttT*  ihstit  rontaint 


■im*ntsof7Tienard  ; 
.  \lil\e  hydrogen. 


id  Gai-Lussac,  there  ii  r 
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miy  cut  widi  a  knife.     It  is  insoluble  in  water.    Its  spedfie 
gravity  is  1'770. 

It  melts  at  the  temperature  of  99**  It  cannot  eaaly  be 
melted  in-the  open  air  without  taking  fire.  If  air  be  ex- 
cluded it  evaporates  at  219^.  and  boils  at  554*. 

When  exposed  to  the  air  it  emits  a  white  smoke  with  die 
imiell  of  garlic  and  is  luminous  in  the  dark.  This  smoke  ii 
more  abundant  the  hi^er  the  temperature,  and  is  occauoned 
by  the  gradual  combustion  of  the  phosphorus.  In  ozygea 
gas  it  is  not  luminous  unless  the  temperature  be  as  hij^  ai 
80^.  Hence  we  learn  that  it  bums  at  a  lower  temperatuit 
in  common  air  than  in  oxygen  gas.  This  slow  combustioa 
in  the  open  air  renders  it  necessary  to  keep  phosphorus  la 
phials  filled  with  water  and  well  corked. 

When  heated  to  148^  it  takes  fire  and  bums  with  a  vivid 
white  flame  and  emitting  a  vast  quantity  of  smoke.  It  leaves 
(if  pure)  no  residuum,  but  the  white  smoke  when  collected 
is  an  acid,  and  is  called  phosphoric  acid.  If  the  combustioa 
be  conducted  in  a  jar  filled  with  oxygen  gas,  the  oxygen  will 
be  found  to  diminish  so  much,  that  every  100  parts  of  pho»* 
phorus  occasion  the  disappearing  of  114  parts  of  oig^g^it 
The  acid  formed  weighs  as  much  as  the  phosphorus  and  the 
oxygen  which  have  disappeared.  Hence  it  is  considered  as  a 
compound  of  these  two  in  the  proportion  of  100  parts  of 
phosphoms  to  1 14  of  oxygen. 

Phosphoms  is  supposed  capable  of  combinuig  with  a 
small  portion  of  oxygen  and  of  forming  a  compound  called 
Bride  of  phosphorus.  It  may  be  formed  by  putting  a  bit  of 
phosphoms  in  a  long  glass  tube  and  exposing  it  to  the  heat 
of  boiling  water.  It  sublimes  and  lines  the  tube  in  fine  white 
flakes.  This  substance  is  very  combustible  and  often  taket 
fire  of  its  own  accord  when  exposed  to  the  air. 

When  melted  by  Cleans  of  a  burning  glass  in  hydrogen  gai 
^  portion  of  it  is  dissolved,  and  a  new  gas  formed,  first  diso^ 


vered  by  Gemgembre,  and  called  phosphnreted  hydrogen  gas. 
It  has  a  fetid  odour  like  the  smell  of  putrid  fish.  It  bums 
spontaneously  when  it  conies  into  contact  with  common  air 
or  oxygen  gas.  Water  dissolves  a  small  portion  of  this  gas 
and  acquires  a  bitter  taste  and  unpleasant  odour.  The  phos- 
phorus gradually  precipitates,  and  tlie  hydrogen  at  the  same 
time  separates  from  the  water.  When  kept  in  a  glass  jar  it 
soon  loses  its  property  of  burning  spontaneously. 

Phosphorus  combines  wath  charcoal  and  forms  a  com- 
pound of  an  orange  red  colour  called  phosphuret  of  carbon. 
Common  phosphorus  contains  a  portion  of  this  compound 
which  remains  bchuid  when  the  phosphonisi  is  burnt.  It  is  a 
light  flocky  powder  without  taste  or  smell.  When  heated 
sufficiently  it  bums,  and  the  charcoal  remains  behind. 

The  compounds  which  phosphorus  forms  with  other  bo- 
dies are  distinguished  by  the  name  of  phosphnrets. 

Phosphorus  is  very  poisonous  when  used  intemaUy.     It 


has  been  recommended  as  a  medicine,  and  said  to  1 


veiy 


efficacious  in  restoring  the  force  of  young  persons  exhausted 
by  sensual  indulgence. 

From  the  experiments  of  Davy,  it  is  very  probable  that 
common  phosphorus  contains  hydrogen.  Pure  phosphorus 
deprived  of  its  hydrogen  would  probably  be  metallic. 


Sect.  IV.    Of  Sulphur. 

Sulphur,  distinguished  also  by  the  name  of  brimstone,  has 
been  known  since  the  earliest  ages. 

It  is  a  hard  brittle  substance  of  a  greenish  yellow  colour, 
without  any  smell  and  with  verj-  little  taste.  It  is  a  noncon- 
ducb^r  of  electricity  and  becomes  electric  negativeii/  by  fric- 
tion. Its  specific  gravity  is  I'DSO,  It  is  not  altered  by  ex- 
posure to  the  air,  nor  IS  it  soluble  in  walir. 
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When  heated  to  170^  it  rises  up  in  the  form  of  a  fine  pot 
red  which  may  be  easily  collected  and  is  called  Jlowen  ij 
sulphur.  It  is  then  said  to  be  volalilized  or  subttmed*  Iti 
obvious  from  this  property  that  sulphur  is  a  volatile  sab- 
stance.  * 

When  heated  to  about  218^  it  melts^  becomes  transparei 
and  looks  like  a  brown  coloured  oil.  At  560^  it  boils^  ini 
the  vapour  kindles  as  it  exhales  and  bums  with  a  blue  flntf 
and  an  extremely  disagreeable  smell.  If  it  be  set  on  h^ 
and  plui^ed  into  a  jar  filled  with  ox}^en  gas^  it  bums  vitki 
strong  violet  flame.  In  both  cases  (provided  the  quantilj  d 
air  or  oxygen  be  sufficient^  it  bi^ms  away  completely  uriA* 
out  leaving  any  residue.  But  if  the  fumes  be  collected,  dq 
are  found  to  b^  an  acid  which  is  known  by  the  name  <if  $d' 
phuric  acid.  A  portion  of  the  oxygen  disappears,  and  firoa 
the  experiments  of  Lavoisier,  it  follows  that  the  sulphnoB 
acid  formed  is  exactly  equal  in  weight  to  the  sulphur  ud 
the  oxygen  which  have  disappeared  during  the  combustiap* 
Ucnce  it  b  concluded,  that  this  acid  b  coniposed  of  ftMiB 
two  substances  united  together. 

Many  experiments  have  been  made  to  ascertain  die  con^ 
position  of  sulphuric  acid  ei^actly.  The  following;  is  the  re- 
sult which  appears  to  me  moat  accurate,  {t  was  obtuned 
by  Klaproth. 

100    sulphur. 
136*5  oxygen. 

236-5 
But  sulphui*  does*not  always  combine  with  so  great  a  portioa 
of  oxygen.  It  usually  burns  with  a  blue  flame,  and  diemif* 
focating  vapours  which  it  emits  may  be  collected  in  glass  cy^ 
linders  filled  with  mercury,  and  standing  in  a  trough  con- 
taining mercury.     They  constitute  a  gas  called  sulphurous 
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acid.    They  contain  less  oxygen  than  sulphuric  acict.     By 
my  experiments  they  are  compounded  of 
100     sulphur. 
89-6  oxygen. 


lSS-6 

When  sulphur  is  Vcp\.  melted  iu  an  open  crudble,  it 
becomes  gradually  thick  and  viscid.  If  it  be  now  poured 
into  water,  it  assumes  a  purple  colour,  and  remains  for 
some  days  soft.  But  it  gradually  becomes  brittle,  and 
of  a  light  violet  colour.  Its  texture  is  fibrous,  and  its  sped- 
fic  gravity  2j25.  In  this  stati;  it  is  called  oxide  of  sulphur, 
from  an  opinion  that  it  has  combined  with  a  little  oxygen, 
and  that  this  addition  has  altered  its  properties.  From  a  set 
of  experiments  made  by  me  on  diis  substance,  it  follows  that 
it  is  composed  of  100  sulphur  and  7  oxygen. 

When  sulphur  is  dissolved  tn  any  liquid,  as  in  a  solution  of 
potash,  and  then  precipitated  by  an  acid,  it  is  alu-ays  in  a 
state  of  a  white  powder,  known  by  the  name  of  lac  mlphari^. 
This  powder  consists  of  sulphur  combined  with  a  little  wa- 
ter. When  the  water  is  driven  off  by  heat,  the  white  co- 
lour of  ^e  sulphur  disappears,  and  its  natural  yellow  colour 
returns. 

Sulphur  combines  readily  with  hydrogen  gas,  and  forms  a 
gas  known  by  the  name  (tti^phureted  hydrogen,  which  was 
first  described  by  Scheeie.  ''^' 

It  may  be  formed  by  mixing  togcthtr  potash  and  sulphur, 
and  boiling  them  together  in  a  glass  flask.  When  sulphuric 
acid  is  poured  into  the  yellowish  coloured  liquid  that  is 
formed,  an  effervescence  takes  place,  and  the  gas  may  be  col- 
lected in  proper  vessels. 

Sidpfauretcd  hydrogen  gas  is  colourless,  and  possesses  the 
mechanical  properties  of  conmion  air.  It  has  a  strong  k- 
tid  smell,  lilce  that  of  rotten  eggs.      It  neither  supports  com* 
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bustioii,  nor  aninud  life.    Its  specific  gravity,  according 
Kirwan^  is  1*106,  according  to  Thenard,  1*1231.    Water 
sorbs  about  its  own  weight  of  this  gas,  and  acquires  a  Mil 
smell/  a  sweetish  nauseous  taste,  and  many  of  the  pnqp€rti8i| 
peculiar  to  acids. 

When  this  gas  is  set  on  fire,  it  bums  with  a  reddidi  Um| 
colour,  and  deposits  a  quantity  of  sulphur.    When  the  i 
trie  spark  is  passed  through  it,  sulphur  is  depoated,  but  All 
bulk  of  the  gas  is  not  altered.     Sulphur  is  also  dq9oa|i|l[ 
when  nitric  acid  is  dropt  into  water  impregnated  'willlli.|L| 
When  mixed  with  oxygen  gas,  and  burnt,  the  only  mtuJiAmi 
formed  are  sulphuric  acid  and  water.     Hence  it  is  obii* 
ous  that  its  constituents  are  sulphur  and  hydrogen.     Fran! 
an  experiment  of  Tbenard,  not  indeed  susceptible  oi  mndi 
accuracy,  it  seems  to  be  composed  of 

100  hydrogen. 

118  sulphur. 


218 
Sulphur  acts  upon  charcoal  at  a  red  heat.  If  a  quantity  of 
charcoal  be  put  into  a  porcelain  tube,  and  heated  to  rednsM 
by  passing  it  through  a  furnace,  and  sulpjiur  be  made  to  pasf 
through  it  while  in  that  state  without  any  communicatioo 
with  the  external  air,  a  substance  issues  from  the  extreniilr 
of  the  tube,  which  may  be  obtained  by  means  of  a  crooked 
glass  tube  luted  to  the  porcelain  tube,  and  plunged  to  tbs 
bottom  of  a  glass  vessel  filled  with  water.  This  substance  is 
a  liquid  colourless  and  transparent  when  pure,  but  often  tin- 
ged greenish  yellow.  Its  taste  is  cooling  and  pungent,  and 
its  odour  strong  and  peculiar.  It  does  not  dissolve  in  water. 
Its  specific  gravity  is  1*3.  In  an  exhausted  receiver,  or  at 
the  top  of  a  barometrical  tube,  it  assumes  the  gaseous  form*' 
It  bums  very  easily,  and  detonates  when  mixed  with  oxygen 
gas  and  kindled.    It  was  first  discovered  by  Lampadius  and 
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Clement  and  Desormes ;  and  Berlhollet  junior  investigated  its 
properties.  It  is  composed  of  sulphur  and  hydrogen,  buC 
contains  more  sulphur  thun  Hulphiireted  hydrogen.  It  oia^ 
therefore  be  called  supersufpkarnted  liydi-ogen. 

Sulphur  and  phosphorus  readily  combine  and  iu  various 
proportious,  but  tJie  compound  seems  to  be  moat  intiinate 
when  the  weights  of  the  two  iiigredieuts  are  equal.  The 
combinations  may  be  made  by  mixing  the  two  ingredients  in 
a  small  phial  and  melting  them  together,  or  by  cautiously 
heating  them  in  a  flask  filled  with  water.  But  the  first  me- 
thod is  less  hazardous ;  for  the  compoiuul  acts  i^n  the  wa- 
ter and  gases  are  formed  ^^hich  sometimes  occasion  violent 
explosions,  'llie  coinpouud  lias  a  yellowish  green  colour  ; 
it  may  be  distilled  over  in  a  glass  retort  without  decomposi- 
tion. It  has  a  tendency  to  the  liquid  form,  which  is  greatest 
when  equal  proportions  of  tbe  cousdtueuts  are  used.  It  then 
remains  liquid  in  die  temperature  of  41°.  When  tlie  sulphur 
predominates  in  this  compound,  it  may  be  cs^<iA  phospharet 
of  sulphur;  when  tlie  phosphorus,  sulphuret  of  pkosphomx. 
It  is  vei^  combustible  and  often  takes  iire  spontaneously 
when  exposed  to  the  air. 

From  the  experiments  of  Cla)fleld  and  Berlhollet  junior, 
there  is  reason  to  conclude  thut  sulphur  contains  a  small 
quantity  of  hydrogen,  and  Mr  Uavy  has  shewn  that  oxygen 
is  also  present  in  it.  Hence  it  follows  that  the  simple  stib- 
etance  sulphur,  which  constitutes  the  base  of  sulphuric  acid, 
has  never  yet  been  seen  in  a  pure  state. 


BtIi' 


Sect.  V.     Of  Boraciitm, 


substance  was  discovered  by  Mr  Davy,  but  it  wa« 
fcrt  described  by  Thenard  and  Gay-Liissac.  Mr  Davy  hat 
just  published  a  more  detailed  account  of  its  properties. 
Tu  procure  it  equal  weights  of  the  metal  called  jwtaMium 
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and  dry  boracic  acid  are  to  be  put  into  a  copper  tube  Mt^i 
posed  for  some  minutes  to  a  slight  red  heat.  When  cold,  ikl 
mass  is  to  be  >vashed  out  with  water^  the  potash  satiiiiiiel| 
with  muriatic  acid,  and  the  whole  thrown  upod  a  filter.  Ai 
olive  coloured  matter  remains  which  must  be  wadied  m\ 
dried.     It  is  boracium,* 

Boracium  is  of  a  dark  olive  colour,  opake,  brittle,  ill 
powder  does  not  scratch  glass,  it  is  a  non-conductor  of  dec- 
tricity,  and  has  some  resemblance  to  charcoal.  When  lieatrf 
to  whiteness  in  a  metallic  vessel^  it  remains  unaltered,  pro- 
vided common  Ay  or  oxygen  be  excluded.  After  this  proem  I 
it  sinks  m  strong  sulphuric  acid;  but  in  its  ordinary  state  k 
swims  upon  that  liquid. 

When  heated  in  common  air  or  oxygen  gas  to  a  tempen- 
ture  not  quite  so  high  as  600*,  it  takes  fire  and  bums  widi 
considerable  brilliancy,  somewhat  like  charcoal,  and  is  coo- 
verted  into  boracic  acid.  By  this  process  a  portion  of  die 
oxygen  disappears.  Hence  boracic  ncid  is  considered  as  a 
compound  of  boracium  and  oxygen.  The  exact  proportion 
of  the  constituents  of  this  acid  have  not  yet  been  ascertained. 
According  to  Mr  Davy's  experiments,  it  is  composed  of  one 
part  boracium  and  two  parts  oxygen;  while  Thenard  and 
Gay-Lussac  consider  it  as  a  compound  of  two  parts  bora- 
cium and  one  of  oxygen. 

When  placed  in  contact  with  oxymuriatic  acid  gas,  it  bums 
spontaneously  with  a  white  light,  and  is  partly  converted  into 
boracic  acid,  partly  into  a  black  matter  which  is  considered 
as  an  oxide  of  boracium.  It  bums  when  slightly  heated, 
and  is  converted  into  boracic  acid.  It  decomposes  sulphuric 
and  nitric  acids  with  the  assistance  of  heat,  and  is  converted 
into  boi*acic  acid.  When  melted  with  sulphur  and  kept 
long  in  contact  with  it,  a  kind  of  combination  takes  place  as 

*  The  French  chemists  have  Called  it  hre. 


f. 
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the  sulphur  acquires  an  olive  colour.  It  does  not  combine 
with  phosphorus.  Whether  it  combines  witli  hydrogen  and 
with  charcoal  has  not  beeo  tried. 

Potash  and  soda  dissolve  it  both  when  liquid  and  when 
melted  with  it  in  a  crucible,  forming  pale  olive  conipounda 
which  give  darlc-coloured  precipitates  «'hen  treated  with  mu- 
riatic acid.     It  did  not  combine  with  mercury  by  heat, 

Mr  Davy  has  rendered  it  probable  that  it  contains  a  little 
oxygen,  and  that,  when  deprived  of  this  principle,  it  combines 
with  metals  and  forms  compounds  capable  of  conducting 
cJectricitj*.  Hence  he  is  inclined  to  believe,  that  if  it  could 
be  obtained  pure,  it  would  be  of  a  metallic  nature  :  a  sup- 
position by  no  means  improbable,  not  only  with  respect  to 
boracium,  but  almost  all  the  simple  combustibles. 

Sccnare  the  properties  of  the  simple  combustible  bodies; 
none  of  which,  unless  hydrogen  be  an  e^eption,  are,  strictly 
speaking,  simple  substances,  though  we  are  not  in  possession 
of  any  accurate  method  of  separating  their  constituents  and 
exhibiting  them  in  a  separate  state.  It  la  even  possible, 
though  not  very  likely,  that  the  hydrogen  and  oxygen  sepa- 
rated from  several  of  ihcm,  may  be  owmg  to  the  presence  of 
^vate^  in  them,  ftom  which  it  is  very  difficult  to  separate  theai 
completely. 

Two  of  them,  boracium  and  carbon,  are  solids  which  we 
are  incapable  of  melting  or  altering  by  heat ;  two  of  them, 
sulphur  and  phosphorus,  easily  mfilt,  and  may  be  exhibited 
in  a  solid,  liquid,  or  even  gaseous  state ;  while  one  of  them, 
hydrogen,  is  alwayc,  when  pure,  in  the  state  of  a  gas. 

'riiey  all  conibiiie  with  oxygen,  but  in  different  propor- 
tions, as  is  obvious  from  the  following  table,  esliibiling  the 
quantity  of  oxygen  capable  of  Combining  with  ICX)  parts  of 
euch. 
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100  Hydrogen  unites  with  600  oxygen. 
100  Carbon         _    _    257 
100  Boracium     —    —    200 
100  Sulphur        —    —     138-7 
100  Phosphorus —  .—     114 

It  has  been  supposed  by  some  that  the  affinity  of  diffienot 
bodies  for  oxygen^  is  proportioned  to  the  quantity  of  it  widi 
which  they  combine.  According  to  this  notion,  the  affioil^ 
of  the  simple  combustibles  for  oxygen,  is  in  die  order  of  tlie 
pre<;^ding  table.  . 

Hydrogen  unites  to  oxygen  as  feu*  as  is  known  <Mily  ia  one 
jNToportion,  boracium  and  carbon  in  two,  phosphoms  and 
sulphur  In  three. 

Hydrogen  unites  ^ith  all  the  simple  combustibles,  unkii 
boracium  be  an  exception.  It  is  probable  that  they  are  all 
capable  of  combining  with  each  other  at  least  in  one  propor- 
tion, and  some  are  known  to  combine  in  several*  Clieiniali 
have  agreed  to  give  such  compounds  a  name  derived  fiom 
one  of  the  ingredients  and  ending  in  uret,  as  stdphufet  oj 
phospliorus,  phosphuret  of  airbon.  When  the  compound  if 
gaseous,  the  term  is  converted  into  an  adjective,  as  su^pkur 
reted  hydrogm  gas,  carbvreUd  hydrogen  gas. 


Chap.  IH. 

of  simple  incombustibles. 

By  simple  incombustibles  are  meant  all  substances  incapable 
of  combustion  which  have  not  yet  been  decomposed.  We 
are  acquainted  with  only  two  such  bodies  at  present,  namely 
azote  and  muriatic  acid.   There  can  be  littie  doubt  that  both 


are  compound*,  though  hitherto  all  attempts  to  analyse  tliem 
have  tailed. 


Sect.  L     Of  Azote. 

1.  AzOTB,  ctlled  also  iiilrogeii,  which  was  first  particu- 
larly pointed  out  by  Dr  Rutherford  in  1772,  constitutes  four- 
fifths  of  the  atmosphere.  The  other  fifth  is  oxygen.  To 
obtain  it  pure,  we  have  only  to  deprive  any  portion  of  air  of 
the  whole  of  its  oxygen.  TTiis  is  easily  done  by  confining 
in  it  for  some  time  a  mixture  of  sulphur  and  iron  filings  made 
up  into  a  paste,  or  a  quantity  of  pliosphonis. 

Azotic  gas  is  invisilj!e,  and  posiiesses  the  mechanical  pro- 
pertiea  of  common  air.  Its  specific  gravity,  according  to 
Kirwaji,  is  0-yS5  ;  according  to  Lavoisier  0'978  i  according 
to  Biot  and  Arago  ogOQ;  that  of  common  air  being  1000. 

It  neidier  supports  Hame  nor  animal  life.  Water  does  not 
sensibly  absorb  it.  100  cubic  inches  of  water,  freed  from 
air  by  boiling,  absorb  about  l\  inches  of  this  gas. 

2.  Though  incombustible  it  is  capable  of  combining  with 
oxygen  gas.  When  electric  sparks  are  passed  through  a  mix- 
ture of  oxygen  and  azotic  gases  for  some  time,  the  bulk  of 
the  mixture  diminishes,  and  an  actd  is  formed.  If  iho  gai^es 
be  mixed  in  the  proper  proportions  diey  disappear  entirely, 
and  arc  of  couisc  totally  converted  into  an  acid.  Tins  acid 
is  the  nitric.  Hence  it  follows  that  mtric  acid  is  coniposed 
of  oxygen  and  azote.  This  important  discovery  was  made 
by  Mr  Cavendish.  The  result  of  his  experiments  gives  us 
uilric  acid  coniposed  very  ueurty  of 

,10  azote, 
70  oxygen. 


or  one  part  azqle  united  (o  C}  of  oxygen. 
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Nitric  acid  is  a  yellow  corrosive  liquid  of  great  importance 
in  chemistry.  It  acts  \iith  great  energy  on  most  odier  bo- 
dies^ in  consequence  of  the  facility  with  which  it  parts  with 
its  oxygen.  If  copper  or  silver^  for  example,  be  put  into  i^ 
the  metals  absorb  oxygen  and  dissolve.  The  portion  of 
acid  which  loses  a  part  of  its  oxygen,  assumes  the  gaaeooi 
form,  and  makes  its  escape  out  of  the  liquid  occasiomng  ai 
effervescence.  The  gas  which  escapes  is  a  compomid  of 
azote  and  a  smaller  proportion  of  oxygen  than  exists  in  nitric 
acid.  It  is  usually  called  nitrous  gas.  It  has  the  cuiioos 
property  of  combining  with  oxygen  gas  whenever  it 
in  contact  with  it,  and  of  thus  being*  again  converted  into 
trie  acid.  The  mixture  becomes  yellow,  and,  if  *»"niHng 
over  water,  its  bulk  diminishes  very  much,  because  thel  witor 
absorbs  the  acid  as  it  forms. 

If  iron  filings  be  kept  for  some  days  in  a  jar  of  tntrons 
gas  its  bulk  diminishes,  and  it  loses  the  property  of  becomiif 
yellow  when  mixed  with  common  air.  Its  properties  «• 
now  changed  and  it  is  called  gazeaus  oxide  of  azote,  mm 
new  gas  is  composed  of  the  same  constituents  as  the  former^ 
but  it  contains  a  smaller  proportion  of  oxygen.  It  supports 
combustion  and  bodies  bum  in  it  almost  with  as  much  splen* 
dour  as  in  oxygen  gas. 

Thus  it  appears  that  azote  has  the  property  of  combiniif 
^vith  three  different  doses  of  oxygen. 

3.  The  combinations  of  azote  with  the  simple  substance^^ 
are  not  numerous,  but  some  of  diem  are  important. , 

When  putrid  urine,  wool,  and  many  other  animal  sub* 
stances  are  distilled,  among  other  products  there  is  obtained 
a  substance  of  a  pungent  odour  and  taste,  known  by  the 
names  of  hartshorn,  volatile  alkali,  ammonia.  It  may  be 
obtained  pure  by  heating  a  mixture  of  three  parts  of 
quicklime  and  one  part  of  the  salt  called  sal  ammoniac  in  a 
glass  flask  and  receiving  the  product  over  mercury.     It  is  a 
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gas.  Wheii  electric  sparks  are  passed  through  it,  its  bulk  is 
doubled,  aud  it  is  converted  into  a  mixture  of  azotic  and  hy-  ' 
drogen  gases.  Hgnce  it  was  considered  as  a  compound  of 
these  two  substances;  but  the  late  experiments  of  Davy 
have  rendeied  it  very  probable  that  it  likewise  contains  oxy 
gen. 

Azotic  gaa  is  said  to  have  tiie  property  of  dissolving  a  liille 
charcoal,  which  it  again  depodtes  when  allowed  to  stand 
over  water. 

It  dissolves  likewise  a  little  phosphorus  and  increases  about 
]-40th  part  in  bulk.     When  tiiis  phosphureted  azotic  gas  is 
mixed  with  oxygen  gas  it  becomes  luminous,  in  consequence 
,   of  the  combustion  of  the  dissolved  phosphorus. 

Azotic  gas  is  said  likewise  to  dissolve  a  little  sulphur 
when  assisted  by  heat.  Suiphureted  azotic  gas  is  said  to  re- 
semble Gulphureted  hydrogen  gas  ill  its  properties. 

TTiere  is  reason  to  believe,  from  the  late  experiments  of 
Davy,  that  oxygen  is  one  of  the  constitiieuts  of  azote.  But 
the  nature  of  the  other  constituent  is  unknown.  Some  have 
supposed  that  it  is  hydrogen,  and  tliat  azote  differs  from  wa- 
ter merely  in  containing  less  oxygen.  But  this  opinion  has 
not  been  confirmed  by  any  satisfactory  experiment.  Dr 
Priestley  called  this  gas  phioglslicated  air,  and  coiuiidered  it 
as  a  compound  of  ouygen  and  the  supposed  universal  inflam- 
liiable  principle  to  which  the  name  oi  phlogiston  was  given, 

^V  Sect.  IT.     Of  Muriatic  Acid. 

Muriatic  acid,  the  second  of  tlie  simple  uiconibustibles,  ts 
a  gas,  and  may  be  obtained  by  putting  some  common  suit  In 
a  small  glass  retort,  pouring  over  it  sulphuric  acid  and  re- 
ceivit^  the  product  over  mercniy. 

1.  Muriatic  acid  gas  is  invisible,  and  possesses  the  mecha- 
nical properties  of  common  air.     Its  specific  gravity,  accnrd- 
"^  B  3 
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ing  to  Kinvan,  is  1*9299  that  of  air  being  1-000.     Its  snidl 
.  is  pungent  and  peculiar^  and  when  mixed  with  air  it  fcHins  a 
visible  smoke^  owing  to  its  great  avidity  for  moisture. 

It  does  not  supp<Mt  combustion,  nor  can  it  be  breathed  b]f 
ammals.  When  a  lighted  taper  is  plunged  into  it,  it  goea 
out  Avith  a  green  coloured  flame.  ' 

If  a  little  water  tinged  blue  by  red  cabbage,  mallows^  or 
litmus  be  let  up  into  it,  the  blue  colour  is  immediate 
changed  into  red.  This  change  of  colour  from  blue  tQ  red, 
is  considered  by  chemists  as  churacteristic  of  acids. 

Water  when  brought  into  contact  with  this  gas  absorbs  H 
with  great  rapidity,  and  the  whole  disappears.  Water  ab- 
sorbs 515  times  its  bulk  of  this  gas,  and  six  cubic  inches  of 
water  by  this  absor[$tion  are  converted  into  nine.  The  affinity 
between  this  gas  and  water  areVery  great.  It  always  contains 
a  great  portion  of  water  in  the  state  of  vapour,  probably 
V  more  than  one-third  of  its  weight,  and  all  attempts  to  sepa- 
rate this  water  have  failed.  Water  seems  to  be  essential  ta 
the  gaseous  state  of  this  acid. 

Water  saturated  with  this  gas  is  known  by  the  name  of  /h 
.  quid  muriatic  acid.  It  has  been  long  known  and  is  very 
much  employed  by  chemists.  When  pure  it  is  transparent 
and  colourless :  but  it  very  often  has  a  greenish  yellow  co- 
lour, owing  to  the  presence  of  iron  or  of  some  other  impuri- 
ty. It  has  the  sniell  of  muriatic  acid  gas,  and  smokes  wheo 
exposed  to  the  air.  Its  specific  gravity  is  never  greater  than 
1*203,  and  seldom  expeeds  1-196;  ancl  when  strongest  never 
contains  n^pre  than  one-fourth  of  its  weight  of  acid ;  the  rest 
is  water. 

£.  Muriatic  acid  combines  with  oxygen  and  forms  with  it 
two  compounds  of  considerable  importance,  called  Qxymuri^ 
otic  acid  and  hj/per-oxymuriatic  acid. 

.When  liquid  muriatic  acid  is  poured  upon  the  black  oxide 
pf  mai^S^qese  ^n  efferyescence  takes  place,  and  by  the  assist** 
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anc«  of  heat  s  gas  is  extricated  of  a  green  colour.  It  was 
diacovered  by  Scheole,  and  is  called  nxi/murialic  acid  gat. 
It  has  an  estremely  offensive  and  noxious  odour,  and  cannot 
be  breathed  widiout  the  n>ost  fatal  effects.  It  supports 
combu9ti(Mi ;  indeed  many  substances,  as  phosphorus,  take  fire 
spontaneously  when  plunged  into  it.  It  destroys  vegetable 
colours,  and  is,  on  that  account,  useful  in  bleaching.  From 
the  analysis  of  Chevenix  it  appears  to  be  composed  of 

77'5  muriatic  acid, 

fiS-S  oxygen. 


,  When  a  current  of  oxymuriatic  acid  is  passed  through 
water,  holding  potash  in  solution^  a  number  of  small  shining 
crystals  is  gradually  deposited.  They  constitute  the  salt 
called  ki/per-oxymuriute  of  potash,  which  possesses  many 
curious  properties.  This  salt  is  composed  of  potash  and  hy- 
per-osymuriatic  acid,  an  »cid  which  contains  much  more 
o);ygcii  than  the  oxymuriatic.  It  has  not  yet  been  obtained 
separately.  According  to  the  analysis  of  Chevenix,  it  is 
composed  of 

S4  muriatic  acid, 
r  66  oxygen. 


3.  The  action  of  muriatic  acid  on  the  simple  combustibles 
has  not,  hitherto,  been  e.\ainined  with  much  attention. 

Hydrogen  is  not  acted  on  by  it-  Charcoal  absorbs  it  ra- 
pidly; but  the  change  produced  by  the  absorption  has  not 
been  c.\amined.     Phosphorus  does  not  sensibly  absorb  it. 

Sulphur  imbibes  it  vei^  slowly.  When  a  current  of  oxy- 
muriatic gas  is  made  to  pass  over  flowers  of  sulphur,  the  sul- 
phur is  gradually  converted  into  a  very  volatile  red  coloured 
liquid,  to  which  I  give  the  name  of  talphnreled  muriatic 
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pad.  Its  specific  gravity  is  1*623.  It  smokes  very  strongly^ 
has  a  strong  smell,  and  b  very  volatile,  {t  dissolves  pho§- 
|>honis  readily.  When  mixed  with  water,  it  is  decomposed, 
and  a  quantity  of  sulphur  separates.  It  consists  of  muriatic 
^cid,  sulphur  and  oxygen,  and  I  think  it  not  improbable  that 
the  oxygen  is  combined  with  the  sulj^ur  constituting  an  oxick. 
We  Bxe,  not  acquainted  with  any  ^tion  which  muriatic  acid 
has  on  azote.  When  mixed  with  nitric  acid,  it  constitutes 
the  compound  acid  called  qqiui  regia  or  nitro^muriatic  acid. 
Boracium  tinges  muriatic  acid  green,  but  does  not  act  vio- 
lently on  it. 

Such  are  the  properties  of  the  simple  incombustibles. 
like  the  combustibles  they  combine  with  oxygen.  But  they 
unite  without  combustion,  and  the  compounds  which  they 
form  are  supporters.  Azote  unites  with  3  doses. of  oxygen^ 
while  muriatic  acid  combines  with  two. 

We  know  little  of  the  action  between  the  simple  combus* 
tibles  and  incombustibles. 


Chap.  IV. 

OF  METALS- 

Metals,  one  of  the  most  important  classes  of  bodies,  and  to 
>vhich  we  are  indebted  for  most  of  our  improvements,  are 
yery  numerous.  Indeed  the  present  state  of  Chemical  ana-' 
lysis  leads  to  the  opinion  that  all  bodies  will  ultimately  divide 
themselves  into  two  sets ;  namely,  metals  and  oxygen. 

1.  Metals  are  distinguished  by  a  peculiar  lustre,  well 
known  by  the  name  of  the  metallic  lustre.  They  are  per- 
fectly opake  or  impervious  to  light,  even  in  the  thinnest  plate^; 
to  which  they  can  be  reduced.  The  only  exception  is  gold 
^eaf.    Its  thickness  does  not  exceed  yrxrVviyth  part  of  an 
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inch,  and  it  allows  the  light  to  pass  through  it.  If  other 
metals  could  be  reduced  as  thin,  it  is  prububle  that  they  also 
would  be  pei-vious  to  light.  They  may  all  be  melted  when 
heated  sufficiently.  Some,  as  mercury,  require  very  little 
heat  to  melt  them  ;  while  others,  as  platinum,  require  a  great 
deal.  Tlieir  specific  gravity  is  eseeedingiy  various.  All  the 
old  metals  are  at  least  5  times  heavier  than  water,  and  some, 
as  platinum,  more  than  20  times  heavier.  But  some  of  the 
new  metals  discovered  by  Davy  are  much  lighter  than  water. 
They  are  the  best  conductors  of  electricity  of  all  known  bo- 
dies. None  of  them  is  very  hard.  But  some  of  them  may 
be  hardened  artificially,  so  as  to  exceed  most  other  bodies. 
Their  elasticity  may  likewise,  in  some  cases,  be  artificially 
increased.  Some  of  them  are  malleable,  or  may  be  extended 
by  the  blows  of  a  hammer,  while  others  are  brittle.  Some 
of  them  are  ductile,  or  may  be  drawn  out  into  wire,  while 
others  cannot.  They  differ  considerably  from  each  other  in 
(heir  tenacity,  or  in  the  weight  which  they  are  capable  of 
supporting  without  breakuig. 

S.  Several  of  them  take  fire  when  heated,  and  burn  with 
considerable  splendour,  and  almost  all  of  them  may  be  burnt 
by  peculiar  contrivances,  After  combustion  their  appearunce 
is  totally  changed.  They  have  lost  the  metallic  lustre,  and 
arc  converted  into  earthy-like  powders,  formerly  called  cal- 
ces, and  now  osides.  These  osides  are  of  various  colours, 
white,  red,  yellow,  blue.  Sic.  according  to  the  metal,  andse- 
veral  of  them  are  employed  as  paints.  Most  metals  are  con- 
verted into  oxides,  merely  by  exposing  them  for  a  sufficient 
length  of  time  to  the  action  of  heat  and  ^r,  and  alt  by  the 
action  of  acids. 

When  these  oxides  are  mixed  with  charcoal  powder,  and 
heated,  they  lose  their  earthv-hkc  appeaiance,  and  are  restored 
again  to  the  metallic  state,  llils  process  is  called  reduction. 
Some  metallic  o^des,  as  diose  of  gold  and  silver,  require 
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only  to  be  heated  in  order  to  be  reduced;  but  most  of  diem 
require  also  the  presence  of  charcoal  or  of  some  odier  com- 
bustible substance.  These  oxides  were  at  first  considered  as 
simple  substances,  and  die  metals  were  supposed  to  be  com- 
posed of  them  and  die  principle  of  inflanmability,  called 

I  phlogiston.  But  it  was  shewn  by  the  experiments  of  Latoi- 
sier,  that  the  oxides  are  compounds,  and  that  diey  are  com- 
posed of  the  metals  from  which  they  were  obtained,  united  to 
oxygen.  Thus  oxide  of  gold  is  a  compound  of  gold  and  oxy- 
gen. It  was  the  discovery  of  t^is  fact  that  induced  chemists 
to  substitute  the  word  oxide  for  calx.   * 

Most  metals  are  capable  of  combining  with  various  doses 
of  oxygen,  and  of  forming  various  oxides,  which  it  is  of  con- 
sequence to  be  able  to  distinguish.  This  may  be  done  by 
prefixing  to  the  term  oxide,  the  Greek  ordinal  numeral,  ex- 
pressing the  peculiar  oxide.    Thus  protoxide  of  tin  is  the  first 

^  oxide  of  tin,  or  tin  combined  with  a  minimum  of  oxygen. 
Deutoxide  of  tin,  is  the  second  oxide  of  tin,  or  tin  combined 
with  two  doses  of  oxygen.  The  terms  tritoxide,  tetroxide, 
pentoiide,  8lc.  are  to  be  understood  in  the  same  way.  The 
last  oxide  of  a  metal  b  called  Peroxide.  Peroxide,  means  a 
metal  combined  with  as  much  oxygen  as  it  can  take  up,  or  a 
metal  saturated  with  oxygen. 

3.  Metals  combine  with  the  simple  combustibles,  and  form  , 
compounds,  many  of  which  are  of  considerable  importance. 
These  compounds  are  denoted  by  a  word  formed  from  the 
simple  combustible  present,  and  terminating  in  uret.  Thus 
mlphiret  of  tin  is  a  compound  of  sulphur  and  tin.  In  like 
manner,  carburet  and  pliorphuret  of  iron,  means  iron  com- 
bined respectively  with  carbon  and  with  phosphorus.  Hy- 
drogen gas  dissolves  some  of  the  metals.  These  solutions  are 
denoted  by  prefixing  the  metal  converted  into  an  adjective 
before  the  word  hydrogen.  Thus  arsenical  hydrogen  gas, 
means  a  solution  of  arsenic  in  hydrogen  gas.   When  hydrogen 


combines  with  a  metal  and  forms  a  solid  cotnpound,  it  is  de- 
noted by  the  term  ktfdiogarct. 

4.  The  metals  are  not  known  to  combine  with  simple  in- 
couibustiblcs.  But  they  combine  with  each  other,  and  form 
a  set  of  important  compounds,  called  allotfs.  Thus  brais  b 
an  ti/Zu^  of  copper  and  zinc;  ^adbelf  metal  3a  aZ/oj/ of  copper 
and  tin.  When  mercury  is  one  of  the  metals  combined,  the 
compound  is  not  called  an  alloy,  but  an  amalgam.  Thus 
the  amalgam  of  gold,  is  gold  dissolved  in  mercury. 

5.  Tlie  metals  at  present  known  (excluding  the  new  onea 
discovered  by  Pavy,  which  will  be  better  described  after- 
wards) amount  to  27.  They  may  be  divided  into  the  4  fol- 
lowing sets. 


I. 

Malleable. 

I. 

Gold. 

8.  Osmium. 

2. 

Platinum. 

p.  Copper. 

3. 

Silver. 

10.  Irou. 

■4. 

Mercury. 

11.  Nickel. 

5. 

Palladium. 

12.  Tin. 

6. 

Rhodium. 

13.  Lead. 

7- 

Iridium. 

U.  Zinc. 

II.  Brittle,  and  easily  fused. 


1.  Bismuth. 

2.  Antimony. 


3.  Tellurium. 

4.  Arsenic. 


ill.  Brittle,  anb  nirricuLTLv  fused. 


1.  Cobalt. 

2.  Mangaticse. 

3.  Chromium. 


4.  Molybdenum. 

5.  Uraitium. 

6.  Tungsten. 
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IV.   REFRACTPitY. 

1.  Titanium.  S.  Cerium. 

£.  Columbium. 

The  fourth  set  consists  of  metals  whick  have  not  hithcsrto 
been  obtained  in  quantities^  except  in  the  state  of  oxides* 
•  Formerly  the  brittle  metals  were  called  semimetak^  and  die 
malleable^  metals.  The  first  four  malleable  metals  were  once 
considered  as  noble,  because  dieir  oxides  may  be  reduced  by 
mere  heat. 

Sect.  I.  Of  Gold. 

Gold  seems  to  have  been  die  first  known  of  all  the  metab. 
As  it  occurs  always  in  the  metallic  state  and  is  very  soft  and 
ductile^  less  skill  would  be  necessary  to  work  it. 

1  Gold  has  a  reddish  yellow  colour,  considerable  lustre, 

and  b  destitute  of  taste  or  smell.   It  is  very  soft.    Its  specific 

ji^ravity  is  19*376  that  of  water  being  1*000.    It  is  the  most 

ductile  and  malleable  of  all  known  bodies.     It  iliay  be  beaten 

out  into  leaves  only  Trlxrinr^h  V^^^  ^^^°  ^^^  ^  thickness,  and 
drawn  out  into  wire  extremely  fine.  Its  tenacity  is  con- 
siderable, a  gold  wire  0*078  inch  in  diameter  being  capable 
of  supporting  150*07  libs  Avoirdupois  without  breaking. 

It  melts  at  32^  Wedgewood,  and  when  melted  has  a  bluish 
green  colour.  It  does  not  sensibly  waste  nor  alter,  though 
kept  very  long  in  the  state  of  fusion.  In  very  violent  heats 
liowever  it  has  been  perceived  to  be  partially  volatilized. 
When  ^  carefully  cooled  after  fusion  it  sometimes  crystallizes 
in  four-sided  pyramids.  Gold  is  not  altered  by  exposure  to 
the  air,  it  does  not  even  lose  its  lustre. 


2  It  combines  with  oxygeti  and  forms  different  oxides, 
the  Riiniber  and  properties  of  which  are  but  imperfectly 
known.  Two  have  been  described.  'Die&'st  purple  is  form- 
ed when  violent  electiical  explosions  are  passed  through 
g«ld  leaf,  or  when  gold  is  subjected  to  combustion.  It  is 
probably  a  compound  of  100  gold  and  S  oxygen. 

The  second  or  peroxide  is  of  a  yellow  colour.  It  may 
be  obtained  by  dissolving  gold  in  nitro-muriatic  acid  and  then 
precipitating  the  metal  by  means  of  lime  water.  It  fails  in 
(he  state  of  this  yellow  oxide.  When  carefully  washed  and 
dried  it  is  insoluble  in  water  and  tasteless.  I  attempted  to 
analyse  it,  but  did  not  succeed.  From  an  experiment  of 
Proust  wc  may  infer  that  it  is  composed  of  100  gold  and  32 
oiygen. 

3.  Hitherto  gold  has  been  iiuitedwith  only  one  of  the 
simple  combustibles,  namely  pliosphorus.  Hydrogen  and 
charcoal  are  said  to  precipitate  it  from  its  solutions  in  the 
metallic  state.  Withsulphuritdoesnotcombine.  Theaction 
of  boraciura  has  not  been  tried. 

The  compound  of  phosphorus  and  gold  is  called  phoiphu- 
rct  of  gold,  it  may  be  formed  by  dropping  small  pieces  oW 
phosphorus  into  gold  in  fusion.  It  is  britde,  whiter  than 
gold,  and  contains  ^ j^  ih  of  phosphorus.  The  ^osphorus  may 
be  dissipated  by  exposing  the  compound  to  a  sufScieut 
heat. 

4.  As  far  as  is  known  gold  does  not  combine  wilh  either 
of  the  simple  incombustibles. 

5.  It  combines  readily  witli  most  of  the  metals,  and  forms 
a  variety  of  alloys. 

Gold  is  so  soft  tliat  is  is  seldom  employed  quite  pure. 
It  is  almost  always  alloyed  wilh  a  little  copper  or  silver. 
Goldsmiths  usually  announce  the  purity  of  gold  in  the  follow- 
ing manner.  Pure  gold  is  divided  into  2^  paits  c-aW^Aco- 
raU.    Gold  of  24  carets  means  pure  gold.     Gold  of  3S 


carats  means  S3  parts  of  gold  alloyed  with  1  part  of  so 
other  metals ;  gold  of  11  carats,  11  parts  of  gold  alloyed  I 


with  2 


tsof  S( 


I 


L 


r  metal.  The  number  of  carats  i 
tioned  specifies  the  pure  gold,  and  what  that  number  wanta 
of  24  indicates  the  quantity  of  alloy. 

Sect.  II.  Of  Plalhmm. 
Platmum,  which  approaches  gold  in  many  of  its  properties 
was  unknown  in  Europe  as  a  peculiar  metal  till  1749. 
Hitherto  it  has  been  fonnd  only  in  South  America  and  in  die 
Silver  mine  of  Guadal-canal  in  Spain.  For  the  first  accu- 
rate investigation  of  its  properties  wr  are  indebted  to  Dr 
Lewis,  and  since  his  lime  it  has  been  investigated  by  a  great 
nnmber  of  very  eminent  chemists. 

It  is  brought  from  America  in  small  flat  grains  having  a 
silvery  lustre.  These  grains  besides  platinum  contain  no 
less  than  8  other  metals.  The  platinum  may  be  obtained 
pure  by  dissolving  the  grains  in  nitro-muriatic  acid  and  pour» 
ing  a  solution  of  sal  nmmomac  into  the  liquid.  An  orange 
yellow  precipitate  falls.  This  precipitate  is  to  be  washed 
^nd  dried  and  esposed  to  a  red  boat.  The  powder  which 
remains  is  pure' platinum.  It  may  be  amalgamated  with 
mercury,  and,  by  cautious  heating  and  hammering,  it  may  be 
reduced  into  an  ingot, 

I.  Platinum  has  a  white  colour  like  silver,  but  not  so 
bright.  It  is  as  hard  as  iron.  Its  specific  gravity,  when  ham-', 
mered,  is  at  least  £3,  so  that  it  is  the  heaviest  of  all  kno> 
bodies.  It  is  very  ductile  and  malleable.  A  platinum  wii 
of  the  diameter  0-07S  inch,  is  capable  of  supporting  274\'ll 
lbs.  avoirdupoifi  without  breaking.  It  is  very  difficult  of  fu- 
sion, and  indeed  cannot  be  melted  in  any  quantity  by  thf 
greatest  heal  which  mc  can  produce.  But  at  a  white  hi 
pieces  of  platinum  may  be  welded  together  like  pieces 
hot  iron.     It  is  not  altered  by  the  action  of  heat  and  air. 
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S.  Platinum  cannot  be  converted  iiito  an  oxide  by  ihe  ac- 
tion of  heal  and  air;  we  miot  Iiave  recourse  to  the  action  of 
acids.  There  are  two  oxides  of  platinum  knswn  :  the  prot- 
oside  is  green,  the  peroxide  brown. 

The  peroxide  may  be  obtained  by  pouring  lime  water  into 
Uie  solution  of  plHtinum  in  iritro-muriatic  acid.  The  brown 
powder  which  precipitates  is  lo  be  dissolved  in  nitric  acid, 
the  solution  evaporated  to  dryness,  and  the  acid  driven  off  by 
a  cautious  applicaliou  of  heat.  The  brown  powder  which 
remains  is  the  peroxide.  It  is  tasteless,  insoluble  in  water, 
and  decomposed  by  a  red  heat.  It  is  composed,  according 
to  Mr  Chenevix's  experiments,  of 
B7  platinum, 
13  oxygen. 


100 
If  the  peroxide  is  gradually  heated  it  assiuues  a  green  co- 
lour, owing  to  the  separation  of  a  quantity  of  oxygen.    This 
green  powder  is. the  protoxide  composed  uf 
93  platinum, 
7  oxygen. 


100 

S.  Thfl  simple  combustibles  have  but  little  acuou  on  pla- 
tinum. Neither  hydrogen  nor  carbon  unites  willi  it.  Phos- 
phorus combines  readily  and  forms  a  pkasphuret.  It  may  be 
obtained  by  projecting  phobpborus  on  red  hot  pluliiium.  Its 
colour  is  silver  white,  it  is  very  brittle  and  bard,  and  easily 
melts,  lite  phosphorus  may  be  driven  off  by  heat.  Plati- 
num cannot  be  made  to  unite  with  sulphur.  In  this  respect 
it  resembles  gold. 

4.  The  simple  incomhustibies  do  not  combine  vviili  pla- 
tinum. 
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5.  It  combines  with  most  of  the  other  metals^  and  fonns 
alloys,  first  examined  by  Dr  Lewis. 

Cold  unites  to  it,  but  a  strong  heat  iv  necessary  to  combine 
them  uniformly.  Platinum  alters  the  colour  of  gold  veiy 
much.  An  alloy  of  4  parts  of  gold  and  one  of  platinum  has 
the  colour  of  pure  platinum.  The  colour  is  much  affected 
unless  the  platinum  be  less  than  •^rdi  of  the  gold.  If  sudi 
an  alloy  be  digested  in  nitric  acid  the  platinum  is  dissolved. 
Thus  it  is  easy  to  detect  any  attempt  to  debase  gold  by  tfia 
addition  of  platinum. 

Sect.  in.    Of  Silver. 

Silver  seems  to  have  been  known  almost  as  early  as  gold. 

1.  It  has  a  fine  white  colour,  with  a  shade  of  yellow^  and 
is  remarkably  brilliant  when  polished.  It  is  rather  harder 
than  gold.  Its  specific  gravity  is  about  10*510.  In  mallea-^ 
bility  and  ductility  it  is  inferior  to  none  of  the  metals  except 
gold.  It  may  be  hammered  out  into  plates  not  more  thai 
T^^^^^th  of  an  mch  thick,  and  drawn  out  into  wire  finer  tfaalt 
a  human  hair.  A  silver  Mire  0*078  inch  thick,  is  capable  oi 
supporting  187*13  lbs.  avoirdupois,  without  breaking.  It 
melts  when  thoroughly  red  hot,  or  at  the  temperature  of  22* 
Wedgewood.  By  a  very  violent  heat  it  may  be  boiled,  and 
partly  volatilized.  When  cooled  slowly  it  crystallizes  in  4* 
sided  pyramids. 

2.  By  very  l6ng  exposure  to  heat  and  air  silver  may  be 
oxidized,  but  the  process  is  so  tedious  and  difficult  that  we 
cannot  have  recourse  to  it.  There  are  two  oxides  of  silver 
known,  both  of  which  have  an  olive  green  colour. 

The  peroxide  may  be  formed  by  dissolving  silver  in  nitric^ 
acid,  and  precipitating,  by  means  of  lime  water.    The  pow 
der  which  falls,  when  washed  anc^  dried,  is  die  peroxide. 
It  is  tasteless  and  insoluble  in  wat^.   When  exposed  to  li^ht 
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or  to  heat,  it  is  decomposed,  ami  tlie  silver  reduced.     Il  is 
composed  of  about 

89  silver, 

1 1  osj-gen. 


The  protoxide  may  Be  formed  by  beating  llie  solution  of  sil- 
ver in  nitiic  acid  in  contact  with  a  quantity  of  granular  silver. 
It  resembles  the  peroxide  in  colour,  but  its  combination  with 
nitric  acid  is  more  soluble. 

S.  Neither  hydrogen  nor  carbon  have  been  combined  with 
silver,  but  it  combines  readily  ivith  siilphiii'  and  phosphorus. 

When  ibin  plates  of  silver  and  sulphur  are  laid  alternately 
ill  a  crucible,  they  melt  by  a  moderate  heat,  and  fui'm  sulphu- 
ret  of  silver.  This  compound  is  found  in  silver  mines,  or  it 
exists  native,  as  mineralogista  term  it.  It  has  a  dark  grey 
colour,  a  nieiallic  lustre,  and  the  softness,  flexibility,  and  mal- 
leability of  lead.  Its  specific  gravity  is  7'-.  It  i»  composed 
of  85  silver,  and  15  sulphur.  When  silver  plate  is  long  ex- 
posed, it  contracts  a  thin  covering  of  this  substance.  Hence 
tlie  tarnish  of  silver  is  owing  to  its  combining  with  sulphur. 

Phosphuret  of  silver  may  be  formed  by  projecting  phos- 
phorus into  melted  silver.  It  is  white,  composed  of  grants, 
breaks  under  the  hammer,  but  may  be  cnt  with  a  knife.  It 
ft  composed  of  four  parts  of  silver  and  one  of  phosphorus. 
Heat  decomposes  it  by  dissipating  the  phosphorus. 

4.  liiilver  does  not  combine  with  the  simple  incombustibles. 

5.  It  combines  readily  ^vith  most  of  the  metals. 

When  gold  and  silver  are  melted  together,  ihey  combine 
■pontaneonsly,  in  the  proportion  of  one  part  of  silver  and  5 
of  gold.  They  may,  however,  be  melted  together,  and  miied 
in  any  proportion  whatever.  TTiis  alloy  is  harder  and  more 
KoitorouB  than  pure  gold.  Its  hardness  is  a  maximum  when 
(be  alloy  consists  of  two  parts  gold  and  one  silver.   The  deo- 
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uty  of  the  alloy  is  a  little  diminished^  and  the  colour  of  die 
gold  is  much  altered,  even  when  the  proportion  of  'silver  is 
small.     It  is  not  only  pale,  but  has  a  very  sensible  greenish 

tinge. 

Silver  and  Platinum  may  be  combined  by  fusion  and  form 
a  hard  alloy  not  so  ductile  as  silver.  The  two  metals  sepft* 
rate  when  the  alloy  is  kept  in  fusion.  Hence  there  appean 
but  little  affinity  between  them. 

Sect.  IV.     Of  Mercury, 

Mefcury,  called  also  quicksilver^  was  known  to  the  anci- 
entS;  and  applied  by  them  to  the  same  purposes  as  it  is  by  the 
moderns. 

1 .  Its  colour  is  white  like  that  of  silver ;  it  has  a  good  deal 
of  lastre,  and  is  destitute  of  taste  and  smell.  Its  specific 
gravity  is  13*568.  At  the  common  temperature  of  the  at- 
mosphere it  is  always  in  a  state  of  fluidity.  But  if  it  be 
cooled  down  to  39^  below  zero,  it  becomes  solid  like  anj 
other  metal.  The  congelation  of  Mercury  by  cold  was  ac- 
cidentally discovered  by  Professor  Braun,  at  Petersbuigi 
in  1759*  The  freezing  point  was  ascertained  by.  Mr  Hut- 
chins,  at  Hudson's  bay,  in  consequence  of  the  directions  of 
Mr  Caveudiidi.  Solid  mercury  is  malleable ;  but  neither 
the  degree  of  its  malleability  nor  its  ductility  have  been  ascejl 
tained  by  experimeot.  Mercury  boils  when  heated  to  6o6*. 
Its  vapour  is  invisible  and  elastic  like  air.  It  may  be  easily 
distilled  over  in  proper  vessels,  and  by  this  means  is  obtained 
pure, 

Q,.  Mercury  is  not  altered  by  being  kept  in  water.  But 
vihen  long  agitated  in  air,  or  when  kept  heated  in  the  open 
air,  it  gradually  loses  its  metallic  appearance  and  is  oxidized. 
OqIv  two  oxides  of  mercury  have  been  yet  ascertained  in  a 


SECT.   IV.  MEItCLRV.  3i 

satisfactory  mauntri  tlie  pwluiidi',  whicli  is  black,  uiid  tiie 
jwroride,  wliicb  is  red. 

The  protoxltfe  is  a  black  powdLT,  \\lii<h  may  be  obtained 
by  i^tating  mercury  foi  a  long  time  in  a  stout  phial ;  or  by 
heating  the  salt  called  calnind  or  initrialc  of  iiiereiuy  widi  a 
solution  of  potaaii.  It  ia  black,  insoluble  in  water,  and  con- 
tains about  5  per  cent  of  oxygen. 

Tlie  red  oxide,-  called  also  red  precipllulc,  may  be  obtained 
by  keeping  mercury  for  several  days,  nearly  at  the  boiling 
point,  in  a  tall  glass  vessel  so  contrived  as  to  prevent  the  eva- 
poration of  the  mercury  and  admit  a  eominuuication  between 
the  anterior  of  the  vessel  and  the  atmosphere.  The  mercury 
becomes  at  firat  black  and  gradually  changes  to  red.  It  may 
be  formed  more  speedily  aud  easily  by  dissolving  mercury  in 
nitric  acid,  evaporating  tlie  f.olutioii  to  dryness,  and  heatit^ 
the  diy  salt  gradually  almost  to  redness  in  a  crucible  or  cap- 
sule. Nitric  acidfumes  exhale,  and  the  whole  assumes  a  line 
red  colour.  The  red  oxide  of  mercnry  liiis  an  acrid  and  dis- 
ugrecuhle  taste,  acts  as  an  eiicharotic  and  possesses  poisonous 
qualities.  When  heated  with  zinc  or  tin  filuigs  it  sets  them 
on  fire.  It  contains  about  10  per  cent  of  oxygen.  When 
heated  it  gives  out  oxygen  gas  and  the  mercury  is  reduced. 

3.  Mercui^-  does  not  combine  witli  hydrogen  or  carbon ; 
but  it  uniuia  readily  with  sulphur  and  phospbunis.  , 

When  two  pails  of  sulphur  and  one  of  niercuiy  are  tritu- 
rated together  in  a  mortar,  lliey  gradually  assume  tlie  appear- 
ance of  a  black  powder  formerly  called  a't!tiops  miricrnl. 
'^rhesame  compound  is  formed  by  adding  niercury  slovtly  to 
its  own  weight  of  melted  sulphur.  When  formed  by  the  first 
process  die  powder  ia  black,  but  a  microscope  detects  in  it 
small  globules  of  mercury  :  when  fonned  by  tlie  second  pro- 
cess the  powder  is  black,  widi  a  shade  of  puiple.  This  com- 
pound has  been  ascertained  to  consist  of  niercury  and  sulpliur 
luiited  together,  in  what  proportion  is  uot  well  known. 
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Wheu  this  black  sulphuret  is  exposed  to  a  red  heat  in  t 
glass  vessel  it  sublimes  and  forms  a  cake  of  a  fine  scarlet  co- 
lour. In  this  state  it  is  usually  called  ciiniabar,  and  whea 
reduced  to  a  fine  powder^  vermilion.  It  is  well  known  as  t 
red  paint.  Its  specific  gravity  is  about  10.  It  is  tastelen, 
insoluble  in  water  and  in  muriatic  acid.  When  suddenly 
heated  it  bums  with  a  blue  •flame.  When  mixed  with  iroo 
filings,  and  distilled,  it  is  decomposed,  and  running  mercurf 
obtained  in  the  receiver.  It  is  composed  of  about  85  parts 
mercury  and  15  sulphur. 

When  Phosphorus  is  mixed  writh  the  black  oxide  of  mer 
cury^  and  exposed  to  heat,  the  mixture  readily  combineii 
forming  a  black  mass  which  seems  to  be  phosphureted  oxide 
of  mercury.  At  least  phosphorus  and  mercury  do  not  mute 
when  heated  together. 

4*  Mercury  does  not  unite  with  the  simple  incombustibles. 

5.  It  combines  with  most  metals,  and  forms  coitipoiUMb 
called  amalgams. 

The  amalgam  of  gold  is  f&nned  very  readily  by  tfarowiif 
small  pieces  of  red  hot  gold  into  hot  mercury.  The  two 
metals  combine  in  any  proportion.  The  amalgam  is  white 
and  fluid  if  the  mercury  exceed.  But  by  squeezing  it  through 
leather,  the  excess  of  mercury  separates,  and  a  solid  amalgam 
remains,  of  the  consistence  of  butter,  which  gradually  crystak' 
lizes.  It  consists  of  one  part  of  mercury  to  2  of  gold.  Thii 
amalgam  is  much  us^d  in  gilding. 

The  amalgam  of  platinum  may  be  formed  by  triturati^ 
the  powder  of  platinum  with  mercury,  adding  gradually  a 
portion  of  either  ingrecfient  till  the  combination  is  completed. 
When  the  process  of  amalgamation  is  once  begun  it  goes  ob 
easily.  This  amalgam  has  the  consistence  of  butter,  a  white 
colour,  much  lustre,  and  does^  not  tarnish  by  keeping.  The 
mercury  may  be  driven  oflF  by  heat. 


The  amalgam  of  silver  may  be  made  in  tlie  same  manner 
as  that  of  gold,  and  with  equal  ease.  It  has  a  white  colour, 
is  alwajs  soft,  and  crystallizes. 

AH  these  amalgams  are  decomposed  and  the  mercury  dri- 
yen  off  by  heat. 

Sect.  V.     Of  Palladium, 

This  metal  was  lately  discovered  by  Dr  Wollaston  in  crade 
platina.  Mr  Chenevlx  announced  soon  after  that  he  had 
succeeded  in  forinmg  this  metal  artificially,  by  combining  to- 
gether platinum  and  mercury ;  but  as  uo  body  has  been  able 
to  repeal  his  experiment  with  success,  we  must  suppose  him 
mistaken. 

To  obtain  palladium  dissolve  a  sufficient  qnandty  of  crude 
platina  in  nitro  muriatic  acid,  and  pour  a  solution  of  the  salt 
called  nitrate  ofmercuri/  into  the  liquid.  A  yellowish  white 
powder  falls.  When  this  powder  is  washed  :uid  dried,  and 
exposed  to  a  red  heat,  it  leaves  a  white  matter  which  is  pal- 
/ailiuDi,  When  strongly  heated  with  sulphur  and  borax  it 
may  be  melted  into  a  butter. 

1,  Palladium  tlius  obtained  is  a  white  metal,  very  like  pla- 
tinum in  its  appearance.  Its  specific  gravity,'  when  hammered, 
is  I  i'S71.  It  is  as  nialleabb  as  platinum,  breaks  with  a 
fibrous  fracture,  and  appears  of  a  crystallized  texture.  It  is 
not  altered  by  exposuie  to  the  air,  and  a  very  violent  heat  Li 
necessary  to  fuse  it. 

a.  \\  hen  kept  strongly  heated  its  surface  acquires  a  blue 
colour.  Tliis  is  supposed  a  commencement  of  onydizement. 
A  more  violent  heat  makes  it  resume  the  original  metallic  ap- 
pearance. Sulphuric,  nitric  ami  raurialic  acids  dissolve  a 
portion  of  it  when  assisted  by  heat,  and  assume  each  a  red 
colour.  Nitro-muiialic  acid  is  the  best  solvent  of  it. 
c3 
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3.  Neither  hydrogen  nor  carbon  combine  with  this  nieCid. 
But  uhen  brought  into  contact  >\ith  sulphur  while  red  hot  il 
melts  immediately,  and  the  sulphuret  formed  continues  hi  fih 
sion  till  only  obscurely  red.  It  is  rather  paler  dian  the  pure 
metal  and  very  brittle. 

4.  The  simple  inconibustibles  do  not  combine  with  palla- 
dium ;  but  it  unites  >yith  the  metals^  and  fonns  alloys,  whidi 
have  been  examined  and  described  by  Mr  Chenevix. 

S  i:cT.  VI.     Of  Rhodium, 

This  metal  exists  also  in  crude  platina,  and  was  discovered 
by  Dr  WoUaston  still  more  recently  than  the  last. 

The  process  followed  by  Dr  WoUaston  for  obtaining  it,  is 
somewhat  complicated.  Crude  platina  is  dissolved  in  nitro- 
muriatic  acid,  and  the  platinum  prcipitated  by  sal  ammoniac. 
A  piece  of  clean  zinc  is  immersed  into  the  residuary  sohitioii 
which  throws  down  a  black  powder.  This  black  powder  is 
digested  widi  dilute  nitric  acid  in  a  very  gentle  heat,  to  dis- 
solve some  copper  and  lead  with  which  it  is  frequently  conta- 
minated. It  is  then  dissolved  in  nitro  muriatic-acid,  common 
salt  is  added  to  the  solution,  and  the  whole  is  gently  evapo- 
rated to  dryness.  The  residuum  is  washed  repeatedly  with 
small  quantities  of  alcohol,  which  dissolves  two  salts  consistiitt 
of  the  oxides  of  platinum  and  palladium  in  combination  with 
common  salt.  There  remains  behind  a  deep  red-coloured 
substance  consisting  of  the  oxide  of  rhodium  united  to  com- 
mon salt.  By  solution  in  ^ater  and  gradual  evaporation 
rhomboidal  crystals  of  a  deep  red  colour  are  obtained.  These 
crystals  being  dissolved  in  water,  and  a  plate  of  zinc  immer- 
sedi  nto  the  solution,  a  black  powder  precipitates,  which  beinir 
strongly  heated  with  borax  becomes  white,  and  assumes  a 
metqiUic  lustre.     In  this  state  it  is  rhodium. 
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1.  Rhodium  thus  obtamed  is  while.  Its  specific  gravity 
exceeds  1 1.  No  degree  of  heat  hitherto  applied  is  sufficient 
to  melt  it.  Of  course  its  malleability  and  other  similar  pro- 
perties are  unknown. 

2.  It  is  not  oxidi?ed  by  exposure  to  heat  and  air.  Neither 
is  it  much  acted  on  by  acids.  The  only  oxide  of  rhodium 
known  is  of  a  yellow  colour.  It  may  be  obtained  by  dissolv- 
ing the  red  crystals  mentioned  above,  and  precipitating  by 
means  of  potash.  This  oxide  when  dissolved  in  nitric  or  mu- 
riatic acid  does  not  crystallize. 

3.  It  unites  readily  with  sulphnr  and  by  that  means  b  easily 
melted.  When  the  sulphur  is  driven  off  by  heal  the  metallic 
button  obtained  is  not  malleable.  The  action  of  the  other 
simple  combustibles  is  not  known. 

4.  It  does  not  combine  willi  the  simple  incombustibles. 
It  forms  alloys  with  all  the  metals  tried  by  Dr  Woilasion, 
except  mercuiy,  with  which  it  does  not  combine.  Lt  docs 
not  like  platinum  aud  palladium  destroy  the  colour  of  gold 
whAi  alloyed  with  it. 

^  Sect.  VH.     0/ Iridium. 

This  metal  was  discovered  by  Mr  Smithson  Tennant,  m 
1S03.  Attempts  were  .made  by  Descotils,  and  by  Fourcroy 
and  Vanquelin  soon  after,  to  obtain  the  same  metal,  but  ihey 
succeeded  but  imperfectly. 

When  crude  pla^iia  is  dissolved  in  nitro-niurialic  acid  a 
black  powder  remains,  which  preceding  chemists  considered 
as  plambago,  but  which  Mr  Tennant  ascertained  to  be  a 
compound  of  two  new  metals.  When  kept  for  some  time  in 
a  red  heat  mixed  with  ila  own  weight  of  potash  in  a  platinum 
crucible,  water  poured  on  the  miictare  forms  a  deep  orun^e- 
colom'ed  solution.  Muriatic  acid  being  liigeijted  on  the  po«- 
iis,  becomes  first  blue,  then  green,  and  at  last 
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deep  red.  By  repeated  fusions  with  potash,  and  djgestiooi 
in  muriatic  acid,  the  whole  of  the  black  powder  is  ckcom* 
posed  and  dissolved.  Hie  potash  solution  ccmtains  the  sm- 
tal  called  osmium,  the  muriatic  acid  solution  the  metal  csiM 
iridium, 

A  piece  of  zinc  bebg  put  into  thiji  last  solution,  precipi- 
tates a  black  powder,  when  heated  it  becomes  white,  and  ii 
iridium. 

1.  It  has  the  appearance  of  platinum,  and  seems  as  didl- 
cult  of  fusion  as  that  metal.  It  resists  the  action  of  aods, 
even  the  nitro-muriatic,  almost  completely. 

2»  Its  affinity  for  oxygen  seems  weak ;  but,  like  other  me- 
tallic bodies,  it  unites  with  that  principle.  The  change  of  ca-^ 
lour  which  its  solution  in  muriatic  acid  assumes,  seema  to 
prove  that  it  is  incapable  of  combining  with  different  dpzes 
of  oxygen.  When  the  colour  i^  blue,  tU^  metal  seems  oxy-^ 
dized  to  a  minimum ;  when  red,  it  seems  oxydized  to  a  ittaxi- 
mum* 

S.  The  simple  combustibles  do  not  seem  to  combine  with 
iridium.  iMr  Tennant  did  to  succeed  in  his  attempt  to  ttiiite> 
it  with  sulphur. 

4.  It  formed  alloys  with  all  the  metals  tried  except  arse- 
nic. It  does  not  alter  the  colour  of  gold,  and  cannot  be  se^ 
parated  from  gold  and  silver  by  cupellation. 

Sect.  VIII.     Of  Osmium. 

This  metal  was  discovered  by  Mr  Tennant  at  the  same 
time  with  the  preceding.  It  exists  in  the  black  powder  so- 
parated  during  the  solution  of  crude -platina,  and  may  be  ob-> 
tained  in  solution  in  potash,  by  die  process  described  jn  the 
last  section.  When  sulphuric  acid  is  mixed  with  this  solu- 
tion, and  the  whole  -subjected  to  distillation,  a  colourless  Ii- 
quid  comes  over,  consisting  of  water,  holding  tlie  oxide  of 
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11  insoluUon.  It  has  a  peculiar  amell.  Hence  the  name 
osmium  applied  to  the  metal.  When  mercury  is  agitated  in 
this  solution,  the  osmium  combines  with  it,  and  leaves  tho 
water,  aiid  by  applying  heat,  t!ie  mercurj*  is  driven  off,  and 
the  metal  obtained  in  u  state  of  purity- 

1.  Osmium  has  a  dark  grey  or  blue  colour,  and  the  me- 
tallic lustre.  In  tlie  open  air  it  is  easily  dissipated  by  heat, 
but  in  close  vessels  it  resbts  any  degree  of  heat  without  alte- 
ration. It  is  not  acted  on  by  any  acid,  not  even  the  nitro- 
mui'iatic,  but  is  easily  obtained  in  solution  by  tlie  action  of 
potash. 

2.  Osmium  is  easily  oxidized  by  heat  in  the  open  air.  The 
oxide  has  a  peculiar  smell,  and  a  kind  of  oily  appearance. 
It  IS  volatile  and  soluble  in  water.  Tlie  solution  is  coloui- 
less,  does  not  alter  vegetable  blues,  and  strikes  first  a  purple, 
then  a  blue,  with  the  infusion  of  nut-galls. 

3.  The  action  of  the  simple  combustibles  on  this  metal  is 
not  yet  known.  Neither  do  we  know  mucli  of  its  com- 
bination with  other  metals.  It  amalgamates  with  mercury, 
and  Mr  Tennant  united  it  by  fusion  with  copper  and  gold. 


Sect.  IX.     Of  Copprr. 

I  Copper  seems  to  have  been  known  as  early  as  any  metal 
except  gold  and  silver.  It  was  very  much  employed  by  the 
ancients  before  the  method  of  mamifacturing  aieel  became 
&milisr. 

1.  Copper  has  x  fine  red  colour,  but  it  soon  tarnishes 
when  exposed  to  the  air.  Its  taste  Is  styptic  and  nauseous, 
and  when  rubbed,  it  emits  a  disagreeable  odour.  It  is  Very 
poisonous  when  taken  internally.  It  is  softer  than  iron,  but 
harder  than  gold.  Its  specific  gravity  when  pure  is  about 
S'd-  Its  malleability  and  ductility  lire  very  considerable. 
A  copper  wire  0-078  inch  in  diameter  is  capable  of  Kiipport- 
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ing  502*2  lbs.  avoirdupois  without  breaking.  It  melts  it 
27^  Wedgewoody  and  gradually  evaporates  in  visible  fumes. 
When  melted  it  has  a  bluish  green  colour^  sometiiiiig  like 
that  of  melted  gold.  When  allowed  to  cool  slowly,  it  cffys* 
tallizes  in  quadrangular  pyramids. 

2.  It  is  not  altered  though  kept  mider  water.  When 
heated  in  contact  with  air,  it  is  gradually  converted  into 
a  black  oxide  by  the  combination  of  oxygen.  Before  a  blow- 
pipe of  oxygen  and  hydrogen  gases^  it  burns  with  a  fine  green 
flame.  There  are  two  oxides  of  copper.  The  protoxide  h 
found  naturally  of  a  red  colour,  but  when  formed  artificiiDj 
it  is  orange.     The  peroxide  is  black. 

The  protoxide  was  first  recognised  by  Mr  Proust.  It 
may  be  prepared  by  heating  together  a  mixture  of  eqml 
parts  of  black  oxide  and  copper  in  powder  in  muriatic 
acid.  Almost  the  whole  is  dissolved,  and  the  solution  m 
colourless.  By  pouring  potash  into  the  solution,  the  pro- 
toxide precipitates  in  the  state  of  a  yellow  powder.  TTiii 
oxide  is  composed  of  83*5  parts  copper,  and  \^'5  oxyg«& 
It  attracts  oxygen  with  such  avidity,  that  it  can  scarcely  be 
dried  without  becoming  black. 

The  peroxide  o.f  copper  b  easily  formed  by  keeping  copper 
filings  a  sufficient  time  red  hot.  It  contains  80  parts  copper, 
and  20  oxygen.  It  is  black.  It  combines  with  water,  and 
forms  a  blue  coloured  matter  called  hydrate  of  copper. 

d.  Copper  has  not  been  combined  with  hydrogen  or  car* 
bon ;  but  it  unites  with  sulphur  anu  phosphorus  forming  the 
ntlphuret  and  phosphuret  of  copper. 

Wlien  equal  parts  of  sulphur  and  copper  are  stratified  in  a 
erucible,  they  combine  at  a  red  heat,  and  form  sulphuret  <rf 
copper,  of  a  very  deep  blue  colour.  It  is  brittle,  and  com- 
posed of  78  copper  and  22  sulphur.  If  copper  filings  and 
sulphur  in  powder  be  mixed,  and  gradually  heated  in  a  flask, 


lliey  combine  before  tliey  are  heated  to  redness;  but  at  the 
instant  of  combination,  a  quantity  of  heat  is  cvolveil  sufficient 
to  convert  the  sulpliuiet  into  a  glowing  red,  as  if  in  a  state  of 
vivid  combustion. 

Sulphuret  of  topper  is  capable  of  combining  with  an  addi- 
tional dose  of  sulphur,  and  forming  a  siiper-siifphuret .  It  is 
brittle,  has  a  yellow  colour,  and  the  metallic  lustre.  It  is 
found  native,  and  known  under  the  name  of  copper  pi/ntes. 

Phosphnret  of  copper  may  be  formed  by  projecting  phoa- 
phorus  on  red  hot  copper.  It  is  white,  tongh,  but  not  due- 
tile,  hard,  and  contains  die  5th  of  its  weight  of  pliosphoruit. 
When  repeatedly  niehed,  it  still  retains  about  l-12th  of  its 
weight  of  phosphorus,  and  then  has  much  the  appearance  of 
steel,  and  admits  of  an  equally  fine  polish. 

4.  Copper  does  not  combine  with  the  simple  incombusti- 
blcs.  But  muriatic  acid  oxydizes  it,  and  combines  with  the 
oxide. 

5.  It  combines  wiUi  most  of  the  metals,  and  some  ofitx 
alloys  areof  considerable  importance. 

Copper  unites  readily  witli  gold,  and  even  heightens  the 
colour,  while  it  encrt-ases  tlie  hardness,  and  does  not  injure 
the  ductility.  Gold  coin  consists  of  gold  alloyed  with  cop- 
per or  silver,  or  with  both.  Onr  coin  contains  IrlHth  of 
alloy,  usually  both  silver  and  copper.  A  pouitd  of  standard 
gold  is  coined  into  44|  guinens. 

Platinum  combines  with  copper,  but  a  violent  heat  is  ne- 
cessary. The  alloy  is  white,  hard,  ductile,  takes  a  fine  po- 
lish, and  is  not  liable  to  tamisli.  Hence  it  has  been  proposed 
for  the  mirrors  of  telescopes, 

Cop|>er  and  silver  easily  unite  hy  fusion.  The  alloy  is 
harder  and  more  sonorous  llian  silver,  and  retainji  its  white  co- 
lour, even  when  the  proportion  of  copper  is  considerable. 
Our  silver  com  consists  of  12  l-3d  silver,  alloyed  with  one  of 
xr,  A  |Kiund  ofstitndard  silver  is  coined  into  IJ2  shilliugs. 
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Copper  may  be  united  to  merciuy  by  pouring  a  ginaH 
stream  of  it  melted  into  mercury^  heated  nearly  to  the  boiliq 
point;  or  by  keeping  plates  of  copper  in  a  solution  of  mtat- 
pury  ill  nitric  acid.  It  is  white,  and  at  first  soft,  but  gradu' 
ally  hardens  when  exposed  to  the  air. 

Sect.  X.     Of  Iron. 

Iron  was  not  known  at  so  early  a  period  as  gold, ''silver  and 
copper.  The  art  of  ^  working  it  was  discovered  in  the  eisl^ 
and  first  communicated  to  the  Greeks  by  the  Vhrfpam, 
from  whom  it  gradually  made  its  way  through  the  rest  of 
Europe. 

1.  Iron  has  a  bluish  white  colour,  a  styptic  taste^  ani 
emits  a  smell  when  rubbed.  It  is  one  of  the  hardest  of  tiw 
metals.  Its  specific  gravity  varies  from  7*6  to  7*B.  It  m 
attracted  by  the  magnet  or  loadstone,  and  is  itself  die  aul^ 
stance  which  constitutes  the  loadstone.  When  iron  is.  per* 
fectly  pure,  it  retains  the  magnetic  virtue  but  a  short  tune. 

It  is  malleable  in  every  temperature,  and  its  malleeUlt^ 
increases  with  the  temperature.  It  cannot  be  hamiBeied 
into  so  thin  plates  as  gold  or  silver.  But  it  may  be  draws 
out  into  very  fine  wire.  An  iron  wire  of  OOTS  inch  in  dia- 
meter is  capable  of  supporting  549-^^  lbs.avoirdupois  with- 
out breaking.  When  heated  to  158**  Wedgewood,  it  melts ; 
a  temperature  so  high,  that  it  is  difficult  to  go  much  be- 
jond  it. 

2.  It  is  much  more  easily  converted  into  oxide  than  any  of 
the  metals  described  in  the  preceding  sections.  When  left 
exposed  to  the  air,  especially  in  a  moist  place,  it  is  soon  con- 
verted to  a  red  or  yellow  powder,  called  rustf  which  is  no- 
thing else  than  an  oxide  of  iron  usually  combined  witli  car-' 
bonic  acid.  When  kept  under  water,  especially  in  warm 
weather,  it  is  gradually  converted  into  a  black  brittle  matter. 


'  which  is  also  ui  uside,  while  some  hjdrogen  gas  is  disenga- 
ged, owing  lo  the  decomposition  of  die  wafer.  If  vtipoui-  of 
water  be  passed  through  red  hot  iron,  the  iron  is  rapidly  oxi- 
dized and  much  hydrogen  gaa  is  ntitaiiied.  If  an  iron  wire, 
having  a  sniall  bit  of  lighted  cotton  at  its  extrenitl^,  be 
plunged  into  a  jar  of  oxygen  gas,  it  burns  with  great  brlUiun- 
cy,  and  is  converted  into  tlie  same  black  oxide,  which  falls 
to  the  bottom  of  the  jar  in  melted  drops. 

Tliere  are  two  oxides  of  iron  which  liavc  been  ascer- 
tained in  a  satisfactory  maimer,  and  1  think  t|iat  I  have 
oljserved  also  a  third.  Tlie  bltuk  oxide  may  be  obiained 
by  keeping  iron  filings  a  sufficient  timo  in  water,  by 
making  steam  pass  through  iron  filings  at  a  red  beat,  by 
burning  iron  wire  in  oxygen  giis,  or  by  dissolving  iron  in  di- 
luted sulphuric  acid,  and  dropping  potash  into  the  solution. 
It  is  a  black  powder,  insoluble  in  wuter,  is  attracted  by  thp 
magnet,  and  has  a  good  deal  of  metallic  lustre.  It  is  a 
compound  of  73  parts  iron  and  27  oxygai, 

TTie  rtd  oxide,  or  jietoxide,  may  be  obtained  by  keeping 
iron  filings  red  hot  in  an  open  vessel  and  agitating  them  con- 
Htantly  till  tliey  are  converted  into  a  red  powder;  or  by  ex- 
posing a  solution  of  iron  in  sulphuric  acid  for  u  long  time  to 
the  atmosphere,  and  then  precipitating  by  means  of  potash. 
It  is  a  red  powder,  iusoluble  in  water,  and  constitutes  the 
base  of  several  of  the  common  red  paints.  Clay  and  bricks 
owe  to  it  their  yellow  and  red  colours.  It  is  composed  of 
j2  iron  and  48  oxygen. 

Among  the  ores  of  iron  tliere  occurs  one  by  no  means  un- 
common, which  seems  to  contain  only  one-half  of  the  oxygen 
present  in  black  oxide.  It  b  black,  has  a  good  deal  of  me- 
tallic lustre,  and  is  magnetic.  This  seems  to  be  a  peculiar 
oxide,  and  is  probably  the  real  protoxide  of  iron.  Tiiough, 
as  my  attempts  to  form  it  artificially  did  not  succeed,  there 
are  stUi  Bome  doubts  remaning  about  its  reali^. 
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3.  Iron  seems  capable  of  combining  with  all  the  simpb 
combustibles.  Hydrogen,  indeed,  has  never  been  united  to 
it  in  a  solid  state,  but  hydrogen  gas  dissolves  a  little  iroa 
which  it  gradually  deposites  when  kept  over  water. 

Carburet  of  iron  is  found  native,  and  is  the  aubstann 
mentioned  in  a  preceding  section  under  the  name  of  pluminh 
go  or  black  lead.  It  is  a  soft  substance,  of  a  dark  blue  co- 
lour, a  granular  texture,  and  the  metallic  lustre.  It  does  not 
burn  with  a  flame,  but  gradually  wastes  away  when  kept  red 
hot.  When  thrown  into  melted  nitre  a  very  splendid  coat 
bustion  is  produced.  Its  nature  was  first  develop^  by  Dr 
Lewis,  and  afterwards  more  fully  explained  by  Scheele  and 
the  French  chemists.  It  seems  to  consist  of  about  19  parti 
of  carbon  and  one  part  of  iron. 

Phosphuret  of  iron  may  be  formed  by  dropping  bits  of 
phosphorus  upon  red  hot  iron.  Its  colour  is  dark  steel-grey, 
it  is  very  brittle,  and  does  not  easily  dissolve  in  acids.  It 
exists  in  different  ores  of  iron,  and  is  considered'as  givii^  to 
the  variety  of  iron  called  cold  short  iron,  the  property  of  be- 
ing britde  while  cold,  though  it  be  malleable  while  hot 
Pliosphuret  of  iron  was  at  first  considered  by  Bergman  as  a 
peculiar  metal  and  called  siderum. 

Sulphuret  of  iron  may  be  formed  by  melting  together  in 
a  crucible  equal  parts  of  iron  filii^s  and  flowers  of  sulphur. 
It  is  of  a  black  or  very  deep  grey  colour,  brittle  and  very 
hard.  When  the  two  constituents  of  it  combine,  a  great 
quantity  of  heat  is  evolved  which  makes  the  whole  strongly 
red  hot.  This  sulphuret  is  composed  of  62' 5  iron  and  37  5 
sulphur.  It  exists  native,  and  is  known  by  the  namq  of 
magnetic  pi/rites.  Its  colour  is  that  of  bronze,  it  has  the  me- 
tallic lustre,  but  its  powder  is  blackish  grey.  Its  specific 
gravity  is  4*518.  It  strikes  fire  with  steel,  and  easily  melts 
when  heated.     It  is  not  only  magnetic,  but  is  itself  capable^ 
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of  being  converted  into  a  permanent  magnet,  as  Mr  Hatctiett 
discovered. 

Iron  is  capable  of  combining  wiA  a  still  greater  propor- 
tion of  sulphur,  and  of  forming  a  compound  which  nia>  be 
called  super-sutpkiiret  of  iron.  It  occurs  naUve  in  great 
abundance,  and  is  known  by  the  name  of  pif riles,  or  iron  py- 
rites. It  is  yellow,  has  the  metallic  lustre,  is  brittle,  strikes 
fire  with  steel,  and  \s  often  crystallized  in  cubes.  Its  specific 
gravily  is  AH.  When  distilled  it  loses  its  excess  of  sulphur, 
and  is  converted  into  conmion  sulphuret  of  iron.  By  this 
process  sulphur  is  sometimes  obtained  fur  the  purposes  of 
maimfactnrefj.  Pyrites  is  composed  of  80  common  sulphu- 
ret of  iron  and  '20  sulphur,  or  more  exactly  of  about  -i?  iron 
and  53  sittplmr.  Tlie  so  per -sulphuret  is  not  magnetic  nor 
susceptible  of  becoming  a  magnet.  Mr  Hatchett  found 
tliat  phosphuret  of  iron  is  abo  capable  of  magnetic  impr^- 
nation,  and  it  is  well  known,  that  iron  containing  a  portion  of 
carbon  qr  steal,  possesses  the  same  property  in  perfection. 
Hence  Mr  Hatchett  concludes,  that  permanent  magnets  con- 
sist of  iron  combined  with  a  certain  proportion  of  a  simple 
<;ombustibte.  But,  when  saturated  witli  simple  combustibles, 
it  loiies  its  magnetic  properties  entirely.  This  is  known  with 
respect  to  iron  saturated  with  sulphur  and  carbon,  and  is  pro- 
bable with  respect  to  iron  saturated  with  phosphorus,  Tlie 
subject  requires  and  deserves  farther  investigation, 

'llwre  are  a  great  many  varieties  of  iron  which  artists  dis- 
tinguish hy  different  names-  but  ihey  may  be  all  reduced  un- 
der the  following  classes :  Cant  iron,  wrought  or  >>oft  iron, 
and  steel. 

Cast-iron,  or  pig-iron,  is  the  name  of  the  metal  when  first 
esb^cted  from  its  ores.  The  ores  of  iron  commonly  used 
are  a  nu.\ture  of  the  oxide  of  the  metal  and  clay.  They  are 
reduced  to  small  pieces  and  expo^d  to  a  violent  heat  mixed 
with  charcoal  and  lime.    The  charcoal  separates  lbs  oxygen, 
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M'hile  the  lime^  combining  with  the  clay,  forms  a  liquid 
through  which  the  melted  iron  falls  and  is  collected  a|  m\ 
bottom  of  the  furnace.  It  is  let  out  and  cast  in  iuouUl 
The  cast  iron  thus  obtained  varies  considerably  aGCordiogtl 
circumstances.  '^Three  varieties  have  been  well  distinguidi^i 
namely,  white  cast  iron,  which  is  very  hard  and  brittle;  gnf\ 
or  mottled,  which  is  softer  and  less  brittle ;  and  biack,  yAoA 
is  the  softest  and  most  fusible.  Cast  iron  msXbi  ttt ,  190^ 
Wedgewood.  Its  specific  gravity  varies  from  7-2  to  7*6t  B 
contracts  considerably  when  brought  into  fusion. 

Cast  iron  is  converted  into  wrought  or  soft  iron  by  Irncpin 
it  melted  for  a  considerable  time  in  a  bed  of  charcoal  aal 
ashes  and  the  scoria  or  black  oxide  of  iron,  and  then  foigim 
it  repeatedly  till  it  becomes  compact  and  malleable.  In  Ail 
state  it  is  the  substance  described  in  the  beginmng  of  dm 
section  under  the  name  of  iron.  It  lis  considered  when  pun 
as  a  simple  body ;  but  it  is  difiicult  to  procure  it  quite  puiei 
It  is  almost  always  contaminated  with  some  foreign  body,  ei- 
ther some  of  the  other  metals^  or  oxygen,  carbon,  or  phos- 
phorus. 

When  soft  iron  is  kept  red  hot  for  some  time  in  a  bed  of 
charcoal  it  is  converted  into  steeL  Steel  is  so  hard  as  to  be 
unmalleable  while  cold.  It  is  brittle,  resists  the  file,  call 
glass,  strikes  fire  with  flint,  and  retains  the  magnetic  virtiM 
when  impregnated  with  it.  It  is  more  sonorous  and  its  spe- 
cific gravity  is  greater  than'  that  of  soft  iron.  It  varies  from 
7-78  to  7-84. 

These  different  states  of  iron  have  been  long  known,  and 
many  attempts  were  made  to  ascertain  the  cause  of  the  ^- 
ferences  among  them.  At  last  it  was  recognised  by  B^i^g^ 
man  and  the  French  chemists.  Soft  iron  is  the  simple  me- 
tal. Steel  is  iron  combined  with  a  portion  of  carbon,  and 
has  been  for  that  reason  called  subcarburet  of  iron.  Tbe 
carbon,  from  Vauquelin's  analysis,  amounts  to  ti^th  part  of 


the  whole.  Cast  iron  is  iron  combined  with  a  still  greater 
proportion  of  carbon.  It  usually  contains  likewise  a  little 
oxygen. 

4.  Iron  does  not  combine  with  azote,  nor  with  muriatic 
acid.     But  that  acid  oxidizes  iron  and  unites  with  its  oxide. 

3.  Iron  unites  with  most  of  the  metaU.  Gold  combines 
readily  with  iron,  and  forms  a  ductile  alloy  of  a  pale  yellow 
or  white  colour  according  to  the  proportions.  Platinum  is 
found  usually  alloyed  with  iron,  but  it  is  difficult  to  combine 
the  two  metals  artiticially  on  account  of  the  high  temperature 
necessary  to  fuse  tliem.  Silver  and  iron  combine  and  form 
a  very  hard  alloy  of  a  white  colour.  Mercury  does  not  rea- 
dily unite  to  iron,  but  an  amalgam  may  be  formed  urtiiicially. 
Iron  may  be  united  to  copper  by  fusion,  but  not  without 
considerable  difficulty.  Tiie  alloy  13  grey,  impeifectly  duo- 
tile,  and  very  infusible.  It  is  probable  that  the  variety  of 
iron  called  hoUhort,  because  it  is  brittle  when  red  hot,  owes 
that  proper^  to  the  presence  of  a  little  copper  with  wliich  it 
is  alloyed. 

Sect.  XI.     Of  Nickel. 

Nickel  was  first  recognbed  as  a  peculiar  metal  in  conse- 
quence of  the  experiments  of  CronsCedt  in  l/jl-  It  is  ob- 
tained from  an  oie  which  occurs  in  differeut  German  mines, 
and  called  Kiipfer  nickel,  or  false  copper,  because  it  re- 
sembles copper,  though  no  copper  can  be  extracted  from  it. 
It  has  been  examined  by  many  eminent  chemists,  especially 
by  Richtcr,  to  whom  we  are  indebted  for  the  most  exact  ac- 
count of  its  properties. 

1.  Nickel  has  a  white  colour  like  silver,  it  is  softer  than 
iron ;  its  specific  gravity,  when  hammered,  is  8066.  It  is 
malleable  both  cold  and  hot,  and  may  be  easily  hammered 
out  into  lliin  plates.     It  is  powerfully  attracted  by  the  mag- 
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net,  and  may  be  converted  into  a  magnet  precisely  like  hasn 
of  steel.  It  requires  for  fusion  a  temperature  at  least  eqiuA 
to  16*0°  of  Wedgewood.     It  is  not  altered  by  air  nor  water. 

2.  When  moderately  heated  it  tarnishes,  and,  if  ui  powder, 
may  be  even  converted*  into  an  oxide,  but  a  strong  heat  re- 
duces it  again  to  the  metallic  state.  We  are  at  present  itC' 
quninted  with  two  oxides  of  nickel,  the  green  and  the  black. 

The  protoxide  may  be  obtained  by  dissolving  nickel  iift  m' 
trie  acid,  precipitating  the  oxide  by  carbonate  of  potaak, 
washhig  it  and  exposing  it  to  a  slight  red  heat.  It  is  of  a 
dark  olive  green,  and  is  composed  of  78  nickel  and  22  oxj" 
gen.  It  is  tasteless,  soluble  in  acids,  and  the  solution  is  grasf'. 
green.     It  dissolves  likewise  in  ammonia. 

The  peroxide  may  be  formed  by  piixing  the  protoxidf 
witli  water,  and  passing  a  current  of  ox}iMuriatic  acid  gai 
throu^  the  liquid.  A  portion  of  the  oxide  dissolves  and  a 
portion  acquires  a  black  colour.  When  this  black  oxide  w 
dissolved  ki  acids,  an  effervescence  takes  place^  owing  to  thtf 
escape  of  a  portion  of  its  oxygen. 

3.  Nickel  has  not  been  combined  with  hydrogen  or  car* 
bon,  but  it  unites  readily  with  phosphorus  and  sulphur* 
Cronstedt  formed  sulphuret  of  nickel  1^  fusion.  The  phoa* 
phuret  may  be  obtained  by  droppii^  bits,  of  phosphorus  oa 
red  hot  nickel. 

4.  Nickel  does  not  unite  with  the  simple  incombustiblesr 

5.  The  alloys  which  it  forms  are  but  imperfectly  know% 
They  are  mostly  brittle  and  b^rd^  and  have  been  applied  t# 
pO  useful  purpose* 

Sect.  Xn.    Of  Tin. 

Tin  was  known  to  the  ancients,  and  was  imported  froai 
Britain  at  a  very  early  period  by  the  PhenicianSr 
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1.  TiD  lias  a  fine  white  colour  wiih  a  shade  of  blue.  It 
has  a  slightly  di^greeable  taate,  nod  emits  a  pectitiar  smell 
wheD  rubbed.  It  is  scarcely  so  hard  as  »lver.  Its  specific 
gravity,  when  hammered,  is  7"2y9.  It  is  very  malleable  aud 
may  be  hammered  out  into  very  tliin  plates.  But  its  rtucti- 
lity  and  tenacity  are  much  inferior.  A  tin  wire  j}_  inch  in 
diameter  is  capable  of  supporting  only  3 1  poumls  without 
breaking.  Vihen  tin  is  bent  it  produces  a  remarkable  crack- 
ling noise.  It  melts  at  442°,  and  when  slowly  cooled  crya- 
tallizes  in  rliotiiboidal  prisms. 

2.  Tin  aoon  tarnishes  when  exposed  to  the  air,  but  the 
tarnished  coat  is  always  extremely  thin.  It  is  not  altered 
though  kept  under  water.  But,  at  a  red  heat  it  decomposes 
water,  combines  with  its  oxygen,  and  disengages  tlie  hydro- 
gen. When  kept  uieiled  it  is  soon  covered  with  a  greyish 
matter  which  becomes  speedily  yellow.  But  it  is  very  dif- 
ficult to  o\ydize  tin  completely  by  heat  and  air.  Tm  is  ca- 
pable of  forming  three  diS'erent  oxides. 

Ilie  ptotoxuie  has  not  been  obtained  m  a  separate  states 
liut  IVoust  has  shown  that  it  exists  in  the  compound  calletl 
Mosaic  gold,  to  be  described  immediately. 

The  dentaiide,  or  grey  oxide,  may  be  formed  by  dissolving 
.  tin  in  muriatic  acid  by  means  of  beat,  and  adding  potash  in 
'  excess  to  the  solution.  A  white  powder  falls^  which  is  gra- 
dually converted  into  a  grey  matter,  having  a  good  deal  of 
the  metallic  lustre.  This  is  the  grey  oxide.  U  is  tasteless 
readily  soluble  in  acids,  and  greedily  absorbs  more  oxygen. 
It  is  compo^  of  four  parts  tin  and  one  oxygen.     . 

The  peroxide  may  be  obtaiwd  by  heating  tin  in  concen- 
trated nitric  acid.  A  violent  elftsrvescence  ensues,  aud  the 
tin  is  couverled  into  a  white  powder,  wluch  is  the  peroxide. 
It  dissolves  readily  in  potash  and  in  nmrialic  ucid.  It  i^ 
composed  of  7-  parts  tin  aud  0,9  ox}'geii. 
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3.  Ijn  has  not  been  combined  with  hydrogen  or  oaiboi^l 
but  it  unites  to  phosphorus  and  sulphur. 

Phosf^uret  of  tin  may  be  formed  by  throwing  bits  d\ 
phosphorus  on  melted  tin.  It  has  the  colour  of  silver,  i 
soft,  may  be  cut  with  a  knife^  and  extends  under  the  ham- 
mer,  but  separates  into  laminae.  It  is  composed  of  85  tii^l 
and  15  phosphorus. 

Sulphuret  of  tin  may  be  formed  by  fusing  the  two  ingredhl 
ents  together  in  a  crucible.   It  is  brittle,  heavier  than  tin,  mil 
not  so  fusible.  It  is  of  a  bluish  colour,  laminate  texture,  snl 
capable  of  crystallizing.    It  contains  l-6th  of  sulphur,  woil 
5-6ths  tm. 

When  equal  weights  of  peroxide  of  tin  and  sulphur  are  fft  I 
dually  heated  in  a  retort,  some  sulphur  and  sulphurous  acid  nv 
disei^ged,  and  there  is  formed  a  substance  called  Mom  \ 
gold,  or  mlphureted  oxide  of  tin.  It  consists  of  gold  coloof 
ed  flakes,  light,  and  adhering  readily  to  the  skin^  Proust  In  I 
shewn  that  this  substance  is  a  compound  of  sulphur  andpror 
toxide  of  gold.  Neither  nitric  nor  muriatic  acid  acts  upoi 
it,  but  it  dissolves  in  hot  nitio-muriatic  acid,  and  is  gradually 
changed  into  sulphate  of  tin.  It  dissolves  in  liquid  potsdi 
when  assisted  by  heat,  and  deflagrates  when  heated  witk 
twice  its  weight  of  nitre. 

4.  Tin  does  not  unite  with  the  simple  combustibles,  but 
it  combines  with  the  metals,  and  forms  alloys,  some  of  which 
are  of  considerable  importance. 

With  gold  it  unites  easily  by  fusion,  and  was  thought  (w 
nierly  to  render  the  metal  very  brittle ;  but  the  expenmentB  rf 
Alchome,  Hatchett,  and  Bingley,  have  shown  that  this  opi- 
nion is  to  a  considerable  degree  erroneous.  Tin  reacEI} 
melts  with  platinum,  and  forms  a  brittle  alloy,  unless  the 
proportion  of  platinum  does  not  exceed  l-9th  of  the  alloy. 
Tlie  allo^  of  tin  and  silver  is  very  brittle  and  hard.  M ef 
i^qry  dissolves  tin  with  facility,  and  forms  an  amalgam  cap^ 
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ble  of  crystallising.     It  is  used  for  silveriug  the  backs  of 
looking-glasses. 

Tia  unites  readily  with  copper,  and  forms  an  alloy  known 
by  the  names  of  giin-melal,  bell-metal,  bronze,  and  mirror* 
I  «f  tekicapes,  according  to  the  proportion  of  the  ingredients. 
Tin  diminishes  the  ductility  of  copper,  and  increases  its  hard- 
ness, tenacity,  fusibility,  aud  sonorousness.  The  specific 
gravity  b  greater  than  the  mean,  aud  is  a  maximum  when 
the  alloy  is  composed  of  100  copper  and  l6  tin. 

Bronze  and  gmi  metal  are  composed  of  100  parts  of  cop- 
per, aud  from  8  to  13  of  ttu.  Urass  guns  are  made  of  it. 
The  aucients  used  it  for  makii^  cutting  instruments.  The 
;i«Ajtt(  of  the  Greeks  and  the  m  of  the  Hoinaos  was  nothing 
else. 

Bell-metal  is  usually  composed  of  3  parts  of  copper,  and 
1  of  tin.  It  is  greyish  while,  very  hard,  sonorous  aud  elastic. 
The  mirrors  for  telescopes  consist  of  about  2  parts  copper, 
and  one  tin.  This  alloy  is  very  hard,  the  colour  of  steel, 
and  admits  of  a  fine  polish. 

When  copper  is  used  for  culiuary  vessels,  it  is  covered 
with  a  thin  coating  of  tin,  and  is  then  known  by  the  name  of 
tinned  copper.  The  coating  of  tin  is  extremely  ihiu,  but  it 
completely  prevents  the  copper  from  injnruig  the  articles 
dressed  in  such  vessels. 

Tin  does  not  unite  readily  with  iron,  but  the  two  metals 
may  be  combined  by  fusing  them  tt^ether  in  a  well  closed 
crucible.  The  fonnatioii  of  tin  plate  shows  the  affinity  be- 
tween the  t\vo  metals.  This  very  useful  compound  is  made 
tby  dippiug  clean  plates  of  iron  into  melted  tin. 
k  LcAd  was  very  well  known  to  the  ancients,  but  Ihey  do  not 
Ihvays  seem  to  distingui±>h  it  accurately  from  tin ;  though  the 
properties  of  the  two  metals  be  exceedingly  different. 
*3 
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1 .  Ixad  ha»  a  bluish  ^vIlite  colour,  and  when  newly  iiidtri,| 
is  very  bright ;  but  it  soon  tarnishes  when  exposed  to  the  i 
It  is  tasteless,  but,  Avhen  nibbed,  emits  a  peculiar  pmell.  lA 
stauis  the  fingers  or  paper  dark  blue.  When  takea  intc^ 
nally,  it  is  poisoiK)us.  It  is  very  soft.  Its  specific  gmvitf 
is  1 1'4()7.  It  is  not  cncreased  by  hammering.  It  is  veij 
malleable;  but  its  ductility  and  fbnacity  are  not  great.  A\ 
lead  \vire  j-I-t  ^^^^  ^"  diameter,  is  cupableof  supporting  oidf  I 
18|  lbs.  without  breaking.  It  melts  at  6l2*,  When  slow^ 
cooled,  it  crystallizes  in  4  sided  pyramids. 

Q.  Lead  soon  tarnishes  m  the  open  air,  but  the  oxydiie- 
ment  never  proceeds  fer.  ^Vater  does  not  act  upon  it, 
though  it  greatly  facilitates^  the  action  of  the  external  mr. 
Lead  is  believed  at  present  to  be  capable  of  forming  4  difie- 
rent  oxides. 

The  yellow  oxide  is  the  most  important,  as  it  constitutei 
the  basis  of  almost  all  die  known  salts  of  lead.  It  may  'be 
obtained  by  dissolving  lead  in  nitric  acid,  precipitating^  lij 
carbonate  of  potash,  and  heating  the  white  powder  whidi 
falls  almost  to  redness.  It  is  yellow,  tasteless,  insoIuUe  k 
\vater,  but  soluble  in  potash  and  in  acids.  It  readily  nieks 
and  forms  a  brittle  semitransparent  hard  glass.  It  is  com- 
posed of  100  lead,  and  8  oxygen.  It  may  be  formed  by  ex* 
posing  lead  for  a  sufficient  time  to  the  action  of  heat  and  air^ 
and  is  then  known  by  the  name  of  massicot. 

If  yellow  oxide  be  dissolved  in  nitric  acid,  and  the  solutioii 
boiled  over  a  quantity  of  lead  filings  in  a  phial,  the  liquidas- 
sumes  a  yellow  colour,  and  yields  yellow,  brilliant  crystals  in 
scales.  These  crystals,  according  to  Proust,  consist  of  ni- 
tric acid,  united  an  oxide  ot  lead,  containing  less  oxygen 
than  yellow  oxide.  It  must  of  course  be  considered  as  a 
protoxide.  Upon  examining  this  oxide,  I  found  that  it  pqa^ 
sessed  the  colour  and  properties  of  yellow  oxide^  and  formedl 
the  same  quantity  of  salt  with  nitrie  acid* 


If  massicot  ground  to  a  fine  powder  he  expo.sed  iii  a  fur- 
tiace  to  theilame  of  bumlng  coals,  playing  upon  its  surfaoa 
for  about  4S  hours,  it  is  converted  into  a  beaiitiful  red  pow- 
der called  mitiiiiM,  or  red  lead.  This  is  tlie  trilosidc  or 
red  oTtde  of  lead.  It  is  of  an  orange  red  colour  of  tbe  spe- 
cific gi-avity  of  894(J.  Insoluble  in  water,  but  Bokibie  iu 
)>olasb.  Wlien  hi^ai^  to  redness,  it  gives  out  oxygen  gas, 
;ind  b  pyrtly  reduced  and  partly  melted,  to  a  dark  brown 
glass.  It  does  not  combine  with  acids.  Wlieu  acids  dis- 
aolve  it,  lliey  first  n^duce  it  to  the  stale  of  yellow  oside.  It 
IS  compased  of  88  lead,  and  12  oxygen. 

If  weak  nitric  acid  be  poured  upon  red  leail,  a  portion  b 
dissolved,  but  a  portion  remaiiiK  in  the  state  of  a  dark  brown 
pottukr.  Tliis  brown  powdei  is  the  peroxide  of  lead.  It  ia 
tahteieas,  light,  and  is  not  acted  on  by  ?idphiiric  or  nitric  acid. 
To  muriatic  acid  it  gives  out  o.\vgen,  and  converts  it  into 
osyniuriatic  acid.  It  is  composed  of  SO  lead  and  20  oxy- 
gen. 

When  lead  is  first  extracted  from  its  ore,  it  almost  always 
contains  a  portion  of  silver,  which  is  always  extracted  wheii 
its  quantity  is  sufficient  to  repay  the  expence.  Tlie  pioress 
is  known  by  the  name  of  rejining  the  lead.  The  lead  is 
placed  in  a  large  flat  dish  calkd  a  test,  composed  of  burnt 
bones  and  fern  ashes,  and  exposed  to  the  flame  of  a  furnace. 
The  lead  gradually  assumes  a  kind  of  vitiiform  state,  and  is 
either  blown  off  or  sinks  into  the  test,  while  the  silver  re- 
mains unaltered.  The  lead  by  this  process  is  converted  into 
litharge.  It  consists  of  fine  scales,  partly  red  and  partly  yel- 
low. It  is  yellow  oxide  combined  with  a  small  portion  of 
carbonic  acid. 

3.  Lead  lias  not  been  combined  witli  hydrogen  or  carboD, 
but  it  unites  to  phosphorus  and  sulphur. 

Phosphuret  of  lead  may  he  formed  by  dropping  phospho- 
_rus  into  melted  lead.     It  has  a  silver  white  colour  with  » 
0  of  blue,  and  soon  tarnishes. 
u  * 
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Sulphuret  of  lead  may  be  formed  by  mixing  the  two  in- 
gredients and  meltii^  them  in  a  crucible.  It  occurs  abutt* 
dantly  niitive,  and  is  known  by  the  name  of  galena.  It  ii 
brittle^  brilliant,  of  the  colour  of  lead,  less  fusible,  and  tisii- 
ally  crystallizes  in  cubes.  Its  specific  gravity  is  about  7*  It 
is  composed  of  86  lead,  and  14  sulphur. 

There  is  another  sulphuret  of  lead^^  which  I  have  occash 
onally  found  native  also.  The  colour  is  lighter,  and  it  bomi 
with  a  blue  flame  when  placed  upon  burning  coals.  It  con- 
tains at  least  25  per  cent,  of  sulphur. 

4.  Lead  does  not  combine  with  the  simple  incombustibles. 
It  forms  alloys  with  the  other  metak,  but  few  of  them  art 
of  much  importance. 

It  renders  gold  as  brittle  as  glass,  when  the  proportioii 
of  it  does  not  exceed  ttVit^  ^^  ^^  gold.  It  likewise  rea- 
ders platinum  brittle.  The  alloy  of  silver  and  lead  is  very 
Inittle,  its  specific  gravity  is  greater  than  the  mean.  Mer- 
cury readily  dissolves  Uad,  and  forms  an  amalgam  capable  of 
crystallizing.  Cepper  dissolves  in  lead  at  a  stroi^  red  lieat 
The  alloy  is  grey  and  brittle,  and  when  heated  gradually,  die 
lead  melts  and  runs  off,  leaving  the  copper  nearly  pure.  IrcA 
unites  with  lead  with  difficulty,  and  the  alloy  is  easily  tie- 
composed .  Lead  and  tin  may  be  combined  in  any  propor- 
tion. The  alloy  is  harder^  and  possesses  more  tenacity  thaa 
tin. 

Sect.  XIV.    Of  Zinc. 

The  ancients  do  not  appear  to  have  been  acquainted  widi 
this  metal.  It  has  been  long  known  in  China,  and  is  men- 
tioned by  European  \vriters  in  the  13th  century.  The  me- 
thod of  extracting  it  from  its  ores  was  unknown  in  Europe 
till  near  the  middle  of  the  18th  century. 

1.  Title  has  a  brilliant  white  colour,  wi(h  a  shade  of  blue, 
9nd  is  composed  of  thin  plates  cebering  together.    It. has.  « 
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sea^ble  taste,  and  acquires,  when  rubbed  a  slight  smell.  It 
is  rather  harder  than  silver.  When  hammered,  its  specific 
gravity  is  7'  iy03.  In  its  usual  state  it  can  scarcely  be  said 
to  be  malleable,  but  when  heated  a  little  above  212°  it  be- 
comes very  malleable,  and  may  be  rolled  out  into  thin  plates 
or  drawn  into  wire.  A  zuic  wire  of  1-I0|h  inch  in  diameter 
is  capable  of  supporting  about  S61bi(.  When  heated  lo  about 
630*,  it  melts,  aud,  if  cooled  slowly,  crjstallizes  in  quHdiaii- 
gular  prisms. 

S.  When  exposed  to  the  air,  its  surface  is  soon  tanu-sti- 
ed,  but  it  hardly  undei^oes  any  other  change.  It  is  said  to 
decompose  water  slowly,  and  to  separate  the  hydrogen.  At 
a  red  heat  the  decomposition  goes  on  rapidly.  When  zinc 
is  heated  to  redness,  it  takes  fire,  and  burns  with  great  bril- 
liancy, being  converted  into  a  while  oxide,  which  flies  otf  ia 
fine  flakes  like  cotton.  It  was  called  pomp/io/^i;  nihil  iit- 
bum,  lana  philosop/iica,ftowers  of  zinc. 

Two  oxidei  of  zinc  are  known.  The  pemiiife  is  the 
white  oxide  obtained  by  the  combustion  of  the  inetal.  It  is 
composed  of  9U  parts  ^inc,  and  fiO  oxygen.  It  may  be  ob- 
tained likewise  by  dissolving  zinc  in  sulphuric  acid,  aud  pre- 
cipitating by  means  of  potash.  It  is  very  white,  light,  and 
has  some  resemblance  to  chalk.  It  is  tastelega  and  insoluble 
in  water,  and  is  not  altered  by  exposure  to  the  air. 

The  protoxide  of  zinc  may  be  obtained  by  exposuig  the 
while  oxide  to  a  violent  heat,  or  by  digesting  the  solution  ot' 
zinc  in  sulphuric  acid  widi  metallic  ziac  for  some  days.  A 
flesh  coloured  substance  precipitates,  which  is  IJie  oxide 
wanted.     It  is  composed  of  8S  line,  and  12  oxygen. 

3.  Most  of  the  simple  combustibles  combine  with  zinc. 
Hydrogen  gas  procured  by  the  action  of  diluted  sulphuiic 
acid  on  xinc,  holds  a  little  of  the  metal  in  solution,  which  it 
gradually  deposites. 

Carbon  was  considered  as  an  occasional  constituent  of  zinc, 
asd  to  occasion  the  appeaiaiice  of  the  black  powder  wiiicK 
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separates  ulieii  zinc  is  dissolved  in  sulphuric  acid.     Biti 

examining  this  powder,  I  found  it  a  mixture  of  copper 

lead. 

Phosphuret  of  zinc  may  be  formed  by  dropping  bits  of  j 

pliorus  upon  melted  zinc.     It  has  a  considerable  resenil 

to  leud.      It  somewhat  malleable.— -Phosphorus  coi 

likewipe  with  the  oxide  of  zinc. 

Sulphuret  of  zinc  exists  native  in  considerable  qi 

and  is  known  by  the  name  of  blende.     It  may  be  formed 

fusing  a  mixture  of  sulphur  and  oxide  of  zinc. 

4.  Zinc  does  not  unite  with  the  simple  incombiuiU^I 

but  it  combines  with  the  metals^  and  forms  alloys^  some 

which  are  of  great  importance. 

It  renders  gold  brittle,  even  when  added  in  a  very  nuttdkl 

proportion.     It  melts  readily  with  platinum,  and  renden  i 
brittle.     Silver  readily  combines  with  it,  and  forms  a 
alloy.     Mercury  easily  amalgamates  in  any  proportion  "whs I 
poured  upon  hot  zinc.     The  amalgam  is  used  to  encreasedit 
energy  of  electric  machines. 

Ziuc  combines  with  copper,  and  forms  one  of  the  mCMt 
useful  of  all  tlie  alloys,  namely  brass.  It  is  prepared  bf 
mixuig  oxide  of  zinc,  charcoal  powder,  and  granular  coppefi 
and  heathig  them  sufficiently  in  a  crucible.  Brass  is  yellov. 
The  proportion  of  zinc  which  it  contains  varies  somewliit 
lu  some  British  manufactures  it  amounts  to  l-3d. ;  while  ii 
Germany  and  Sweden  it  is  said  not  to  exceed  l-4th  or  l-5dL 
Brass  is  much  more  fusible  than  copper.  It  is  malleabk 
while  cold,  but  becomes  brittle  when  heated.  It  is  ducdk^ 
may  be  drawn  into  fine  wire,  and  is  much  tougher  than  cop" 
per.  When  zinc  m  the  metallic  state  is  melted  with  copper, 
the  aHoy  is  known  by  the  name  of  pinchbeck^  Prince's  nieiai, 
Prince  Rupert\s  metal.  The  colour  of  puichbeck  ap 
proaches  more  nearly  to  that  of  gold;  but  it  is  more  brittle 
than  brass. 


IKcT. 
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'      Zinc  cannot  easily  be  alloyed  witli  iron,    Tlie  alloy  is  hard 

9*and  wbite  and  somewhat  duclile.     Tin  and  zinc  easily  unite. 

The  alloy  is  hard  and  ductile.    Lead  and  zinc  may  be  united 


Sect.  XV.     Of  Bismidh. 


I 

^BThia  metal  was  uulcnown  to  the  ancients.     It  was  well 

^^knvn  in  <Jermany  at  the  beginnuig  of  the   I6th  century. 

^^bt  chemists  were  long  in  reckoning  it  a  peculiar  metal. 

^^tl.  Bismuth  is  of  a  reddish  white  colour,  and  almost  desti- 
tute of  taste  and  smell.  It  is  composed  of  broad  brilliant 
plates  adiiering  to  one  another.  It  is  harder  than  silver.  lu 
Bpecitic  gravity  is  Q'S'2'i.  When  hammered  cautiously  it» 
density  is  increased,  but  it  breaks  when  struck  smartly.  It 
cannot  be  diawn  out  into  wire,  A  rod  of  i-lOth  inch  dia- 
meter h  capable  of  supporting  about  sglhs.  It  melts  at 
470°,  and  may  be  distilled  over  in  close  vessels.  Wiieii 
cooled  slowly  it  crystallizes  in  parallelopipeds. 

S.  It  tarnishes  in  the  air,  but  is  not  altered  when  kept  un- 
der ^vater.  When  kept  melted  in  an  open  vessel  it  is  gra- 
dually converted  into  a  yellow  powder.  In  a  strong  red 
heat  it  takes  tire  and  bums  with  a  taint  blue  flame  and  emits 
a  yellow  smoke.  Tliis,  when  collected,  is  a' yellow  oxide. 
It  is  composed  of  about  89'3  bismuth  and  10*7  OKygen. 
Tliis  is  tlic  only  oxide  of  bismuth  at  present  kno\vn.  It  iv 
tasteless  and  insoluble  in  water.  Wheu  heated  it  melts  into 
a  brown  glass. 

3.  Bismuth  has  not  been  combined  with  hydrogen  or  car- 
bon. It  does  not  seem  capable  of  combiiiuig  111  any  notable 
proportion  with  phosplioriis.  But  it  unites  very  readily  wilii 
■uiphur  by  fusion.  The  sulphuret  t»  btuiab  ^rcy,  very  brittle 
and  fusible,  and  crystallines  in  four  sided  needles.  It  is  con*- 
d,of  about  95  biimuth  wid  Id  sulpbnf.    . 
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4.  Bismuth  does  not  unite  with  the  simple  incoml 
but  it  co«iibiiies  with  the  metals,  and  fonns  alloys  not  ioAM  i 
to  applied  to  any  useful  purpose.  It  renders  ^old,  pla^HH  ] 
and  silver  brittle.  It  amalgamates  readily  with 
AVhen  the  mercury  exceeds,  tlie  amalgam  is  fluids  and  faai 
property  of  dissolving  lead,  and  rendering  it  also  fluid. 
muth  renders  copper  and  iron  brittle.  It  facilitates  the 
siou  of  tin  and  lead  :  a  mixture  of  eight  parts  bismu^ 
lead^  and  three  tin  is  called  fiisible  metal,  because  it  mdtoi 
£1£°.     Bismuth  does  not  combine  with  zinc. 


Secp.  XVI.     Of  Antimony. 

The  ancients  were  acquainted  with  some  of  die  ores  ott 
limony,  but  it  does  not  appear  that  they  knew  the  metal  il^l 
self.     Who  first  extracted  it  from  its  ores  is  unknown.     U| 
the  process  is  first  described  by  Basil  Valentine. 

1.  Antimony  is  of  a  greyish-white  colour,  and  has  comtl 
derable  brilliancy.  Its  texture  is  lamiuajted,  and  exliifaili| 
plates  crossing  each  other  in  every  direction.  It  is  as  hvl 
as  silver.  Its  specific  gravity  is  6*7 i^*  It  is  very  britdci 
and  may  be  easily  reduced  to  powder  in  a  mortar.  It  mehi 
at  810^,  or  when  just  red  hot;  aiid,  when  cooled  slowlj} 
fonns  oblong  crystals  perpendicular  to  the  internal  surface  of 
the  vessel  in  which  it  cools. 

£.  When  exposed  to  the  air  it  loses  its  lustre,  but  unde^ 
goes  no  other  change.  Neither  is  it  altered  by  cold  watOj 
but  at  a  red  heat  it  decomposes  water  and  combines  with  ib 
oxygen,  while  hydrogen  gas  is  eihitted.  When  heated  in  so 
open  vessel  it  gradually  combines  with  oxygen,  and  evaporates 
in  a  white  smoke,  which,  when  collected,  was  formerly  caUed 
argentine  Jtowers  of  antimony.  When  suddenly  heated  anti- 
mony  bums  and  is  converted  into  the  same  white  oxide^^ 
Two  oxides  of  antimony  are  known. 


l*       The  protoxide  may  be  obtained  thus.     Disaolve  antimony 
■'•■i  tniuiatic  acid,  dilute  the  solution  with  water;   a  white 
?(»owtJer  falls,  wash  it  and  boil  it  in  a  solution  of  carbonate  of 
^^otush.     Ilieu  wash  and  dry  it.      The  protoxide  tlitis  ob- 
"itained  is  a  diity  white  powder.     At  a  moderate  red  lieat  it 
Amelia  and  becomes  opake,  and  crystallines  in  needles  on 
*  )«ooling.     It  is  composed  of  Sl'j  antimony,  IS'5  oxygen. 
UM      Tlie  peroxide  may  be  obtained  by  keeping  the  antimony 
n  in  a  red  heat;  for  the  argentine  flowers  are  peroxide  of  anti- 
mony.    It  may  be  obtained  also  by  dissolving  antimony  in 
nitric  acid,  or  by  throwing  it  into  red  hot  nitre.     It  is  while, 
insoluble  in  water,  and  less  soluble  in  acids  than  protoxide. 
It  is  easily  volatilized  by  heat,  but  requires  a  pretty  high  tein- 
peraturc  for  fution.     It  is  composed  of  77  antimony  and  23 
oxygen. 

3.  Antimony  has  never  been  combined  with  hydrogen  or 
carbon  ;  but  it  unites  readily  to  phosphorus  and  bul)^iur. 

Phosphuret  of  antimony  may  be  formed  by  dropping  bits 
of  phosphorus  into  melted  antimony.  It  is  white,  brittle, 
and  appears  of  a  laminated  structure. 

Sulphuret  of  antimony  exists  native,  and  was  formerly  dis- 
tinguished by  tile  name  of  antimony,  tlie  pure  metal  being 
^  called  /■^ulits  of  antimony.  It  has  a  dark  bluish  grey  co- 
lour and  the  metallic  lustre.  It  is  brittle  and  often  crystal- 
lized.    It  is  composed  of  75  antimony  and  25  sulphur. 

Tlie  protoxide  of  antimony  has  the  property  of  dissolving, 
different  portions  of  tlie  Bui|)huret  by  means  of  heat,  and 
foiiniiig  with  it  a  vitreous  substance  of  a  reddish  brown  co- 
lour, and  differing  in  transparency  according  to  tlie  jiropor- 
tion  of  sulphuret.  It  is  called  glass  of  aiilimoiii/,  rtvcits  nic- 
lallorum,  liver  of  aiifimofii/,  according  to  its  appearance. 

4.  Antimony  does  not  combine  with  the  simple  inconi- 
buBtiblea.     But  it  forms  alloys  with  alniost  all  the  lueials. 

p}t  r«)ders  other  metals  brittle,  ^d  none  of  its  alloys  is  of 
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much  conseqaenoe,  except  the  alloy  of  tin  and  anrim^ 
nv'hich  constitutes  pewter,  and  of  lead  and  antimoiiy  ivhidi 
constitutes  the  metal  of  printers  types. 

Sect.  XVIL    Cf  Tellurium. 

This  metal  has  been  hitherto  found  only  in  the-  mine  of' 
Mariahilf  in  Transylvania.  Its  peculiar  nature  .was  first  sm- 
pected  by  Muller  of  Reichenstein  in  17S2>  and  fully  proved 
by  the  experiments  of  Klaproth  in  L798. 

1.  Its  colour  is  bluish  white,  its  texture  laminated,  anl 
its  brilliancy  considerable.  It  is  very  brittle.  Its  speofie 
gravity  is  6*  1 15.  It  melts  a  little  above  the  melting  poirt 
of  lead,  and  may  be  easily  distilled  over  in  dose  vessek 
When  cooled  slowlv  it  crystallizes. 

2.  When  exposed  to  the  blowpipe  on  charcoal  it  burni 
with  a  blue  tlame,  and  is  converted  into  a  white  oxide  wfaick 
disperses  in  smoke.  The  same  oxide  may  be  obtained  hf. 
dissolving  the  tellurium  in  muriatic  acid  and  diluting  yt/jA 
water.     When  heated  it  melts  into  a  straw-coloured  massr. 

3.  Tellurium  may  be  combined  with  sulphur  by  fuflioB. 
'The  siilphuret  has  a  leaden  grey  colour  and  radiated  texturet 
The  action  of  the  other  simple  combustibles  has  not  becK 
tried. - 

4.  It  may  be  amalgamated  ynih  mercury,  but  we  are  ig« 
norant  of  the  metallic  alloys  which  it  is  capable  of  formini;. 

Sect.  XVIII.     Of  Armdc. 

The  ancients  gave  the  name  of  arsenic  to  a  compound  of 
arsenic  and  sulphur.  The  white  oxide,  of  arsenic,  known  in 
commerce  by  the  name  of  arsenic,  must  also  have  been 
known  to  them.  But  they  do  not  seem  to  have  been  «c- 
quauited  with  the  substance  which  we  call  arsenk  in  k> 
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taetallic  state.    The  discoverer  of  this  substance  is  unknown. 
But  Brandt  first  ascertained  its  properties  in  L733. 

1.  Arsenic  has  a  bluish  white  colour^  and  a  good  deal  of 
biflliancy.  When  heated  in  the  open  air^it  blackens,  smokes^ 
and  emits  the  odour  of  garlic.  It  is  tlic  softest  metal  known. 
Its  specific  gravity  is  8*31.  It  is  remarkably  brittle.  It  is 
teiy  volatile,  subliming  without  melting  when  heated  to  ooG^. 
When  slowly  sublimed  it  crystallizes  in  tretahedrons. 

C  It  may  be  kept  under  water  without  alteration)  but  in 
die  open  air,  it  soon  falls  into  a  black  powder.  We  know 
two  oxides  which  it  is  capable  of  forming. 

Thd  white  oxide  is  obtained  by  exposing  arsenic  to  a  mo« 
dente  heat.  The  metal  takes  fire,  emits  the  smell  of  garlic, 
and  is  volatilized  in  a  wliite  smoke,  which  is  the  oxide  in 
^piestion.  It  is  obtained  in  the  large  way  during  the  smelt- 
im  of  various  ores  which  contain  arsenic.  It  is  white,  com- 
jnety  and  like  glass.  Its  taste  is  acrid  and  sweet,  and  it  U 
one  of  the  most  vii'ulent  poisons  known.  It  dissolves  in  wa- 
ter, and  exhibits  different  properties  of  an  acid.  It  dissolves 
also  in  alcohol,  and  in  oils.  It  crystallizes  in  tetrahedrons. 
It  sublimes  at  the  heat  of  38S^.  Its  specific  gravity  varies 
from  3*7  to  5*000*  according  to  its  state.  It  is  composed  of 
75*2  arsenic  and  ^4*8  oxygen. 

The  peroxide  of  arsenic  was  discovered  by  Schcele.  It  is 
usually  called  arsenic  acid.  It  may  be  obtained  by  dissolv- 
ing white  oxide  of  arsenic  in  nitro-muriatic  acid,  evaporating 
to  dryness,  and  applying  sufiicient  heat  to  drive  ofi' these  acids. 
In  this  state  it  is  a  white  mass  w  hich  readily  dissolves  in  wa- 
ter. Its  taste  is  excessively  sour,  and  it  possesses  all  the  other 
properties  of  an  acid.  It  is  conipoi>ed  of  6o*4  parts  of  arse* 
nic,  and  34*6  of  oxygen. 

I  2.  Arsenic  combines  readily  with  the  simple  combusti- 
ibles,  carbon  cxcepte^i.  with  which  it  has  not  hitherto  been 
united. 
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When  a  mixture  of  tin  and  araenicy  or  of  zinc  and 
18  dissolved  in  muriatic  acid,  the  hydrogen  which 
holds  a  considerable  portion  of  arsenic  in  solution,  and 
known  by  the  name  of  arsenical  hydrogen.  This  gas 
ses  some  curious  properties,  which  have  been  investigated  I 
Trommsdor£f  and  Stromeyer. 

Phosphuret  of  arsenic  may  be  formed  by  mixing  the 
constituents,  and  distilling  them  together  over  a  moderate  fiit| 
It  is  black  and  brilliant,  and  ought  to  be  kept  under  water. 

Sulphur  combines  readily  with  arsenic  by  heat.     Tml 
distinct  compounds  of  tiiese  two  bodies  are  >  found  natift 
The  first  called  realgar  is  of  a  scarlet  colour,   and  oAa 
crystallizes  in  transparent  prisms.     It  is  tasteless,  and  wt 
nearly  so  poisonous  as  arsenic.     It  is  composed  of  60  v»\ 
nic,  and  30  sulphur.    The  second  compound  is  called  wjt\ 
ment.    It  is  of  a  fine  yellow  colour,  and  may  be  formed  \f\ 
pouring  a  solution  of  sulphureted  hydrogen  into  arsenic  da-j 
>8olved  in  water.     It  is  foliated,  and  much  heavier  than  redl- 
gar.     According  to   Thenard,  it  is  composed  of  3  sulpiNi 
and  4  arsenic. 

3.  Arsenic  does  not  combine  Mith  the  simple  incx>nibai" 
tibles,  but  it  unites  witii  the  metals,  and  renders  them  brit- 
tle. None  of  its  alloys  have  been  applied  to  any  useful  p»* 
pose. 


Sect.  XIX.     Of  Cobalt. 

Cobalt  occurs  in  different  mines  m  Germany  and  England, 
and  has  been  long  employed  to  give  a  blue  colour  to  glass. 
Its  peculiar  properties  were  first  ascertained^  by  Brandt  in 
1733. 

1.  Cobalt  has  a  grey  colour  with  a  shade  of  red,  and  is 
not  very  brilliant.  It  b  of  the  hardness  of  silver,  or  a  little 
harder.     Its  specific  gravity  is  7' 7*    It  is  brittie,  and  easii;f 
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kicea  to  powder.     It  melts  at   ISCf  Wedgewood,  and 
allizes  as  it  congeals.     It  is   attracted  by  the  magnet, 
and  may  itself  be  converted  into  a  magnet. 

2.  It  is  not  altered  by  air  nor  water  at  the  ordinary  tem- 
perature of  the  atmosphere,  but  in  a  red  heat  it  is  gi-adually 
converted  into  an  oxide.  We  are  acquainted  with  3  oxides 
of  cobalt. 

The  protoxide  is  blue.  It  may  be  obtained  by  dissolving 
cobalt  in  nitric  acid,  precipitating  by  potash,  washit^  and 
drying  the  powder,  and  exposing  it  to  a  red  beat  for  some 
time,  It  dissolves  in  acids  without  effervescence.  It  is  com- 
posed of  83|  cobalt,  and  iSj  oxygen. 

Moist  protoxide,  when  exposed  to  the  air  gradually  absorbs 
oxygen,  and  assumes  an  olive  colour.  This  is  the  deutoxide 
of  cobalt.  When  digested  in  muriatic  acid,  oxymuriatic 
acid  flies  off,  and  a  solution  of  protoxide  is  obtained. 

By  gradual  exposure  to  the  air,  more  oxygen  is  absorbed, 
^^u)d  the  oxide  becomes  black.     This  is  ilie  peroxide.     It 
^H|pD8  abundance  of  oxymuriatic  acid  gas  when  digested  in 
b  iBiariatic  acid.     It  is  composed  of  80  cobalt  and  20  oxygen. 
3.  Cobalt   does   not  combine  with  carbon  or  hydrogen. 
Sulphuret  of  cobalt  may  be  formed  by  melting  the  metal 
with  sulphuret  of  potash.     It  is  yellowish  white,  and  is  com- 
posed of  7  li  cobalt  and  29^  sulphur. 

Pliosphuret  of  cobalt  may  be  formed  by,  throwing  bits  of 
Jiosphorus  upon  red  hot  cobalt.     It   is  while  and  brittle, 
i  soon  loses  its  metallic  lustre. 
.  Cobalt  does  not  combine  witli  the  simple  incombusti- 
It  unites  with  the  different  metals,  and  forms  alloys 
h  have  been  but  imperfeclly  examined. 


Sect.  XX.     Of  Manganese. 
;s  of  the  melal  called  manganese  are  common,  ir 


A'hich  it 


'9  always  in  the  state  of  on  oxide.^  Scheele,  Bergman  and 
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Gahn  are  the  chemists  to  vfhom  we  are  indebted  for  the 
investigation  of  its  properties. 

1 .  Manganese  has  a  greyish  white  colour,  and 
ble  brilliancy.  Its  texture  is  granular.  It  is  of  die  h«rdiiai| 
of  iron.  It  is  brittle.  Its  specific  gravity  is  6*850.  It  m 
quires  a  heat  of  l60^  Wedgewood  to  melt  it,  .and  is  Asn- 
fore  rather  more  infusible  than  iron. 

2.  It  absorbs  oxygen  when  exposed  to  the  air.  We  ut\ 
acquainted  with  d  oxides  of  this  metal. 

The  protoxide  is  white.  It  may  be  obtained  by  disarif  I 
ii^  black  oxide  of  manganese  in  nitric  acid  by  the  aasistMcl 
of  sugar^  and  precipitating  by  potash.  It  is  a  white  po«dK{ 
composed  of  80  manganese  and  20  oxygen. 

The  dcutoxide  may  be  obtained  by  expoaii^  tke  Uackl 
oxide  to  a  violent  heat,  or  by  dissolving  black  oxide  in  id*  I 
phuric  acid,  by  means  of  heat,  and  precipitating  vridi  fffk\ 
ash.  It  is  a  red  powder  composed  of  74  manganeae  vi 
26  oxygeli. 

The  peroxide  or  black  oxide  exists  native  in  abnndmei. 
It  has  the  metallic  lustre,  and  is  often  crystallized.     Ylha] 
heated,  it  gives  out  abundance  of  oxygen  gas.     It  la  coflt^ 
posed  of  60  manganese  and  40  oxygen. 

3.  Manganese  does  not  combine  with  hydrc^enor  carboi^ 
but  it  unites  with  hydrogen  and  sulphur. 

Phosphuret  of  manganese  may  be  formed  by  dropping 
phosphorus  on  red  hot  manganese.  It  is  wliite,  brittle,  gn* 
nular,  and  disposed  to  crystallize. 

Bergman  did  not  succeed  in  his  attempts  to  combine  sul- 
phur with  manganese.  But  he  formed  a  sulphurated  oxidi 
by  heating  d  parts  of  black  oxide,  and  3  parts  of  sulphur. 
'  4.  Manganese  does  not  combine  with  the  simple  incom- 
bustibles;  but  it  unites  with. the  metals,  and  forms  alloys 
which  have  been  but  imperfectly  examined. 


Sect.  XXI.     Of  Chrot 


This  metal  was  discovered  by  Vauquelin,  who  extracted  it 
from  the  red  lead  ore  of  Siberia.  Owing  to  the  violent  heat 
ueceuar}'  to  fuse  it,  ita  properties  are  hut  imperfectly  known. 

1,  Its  colour  is  white,  intermediate  between  that  of  tin 
and  steel.  Its  specific  gravity  is.  .5"yO.  It  is  vei'y  brittle, 
asKumes  a  good  polish,  and  is  magnetic,  though  inferior  in 
tills  respect  to  iron,  nickel  and  cobalt.  Acids  act  upon  it 
^viIh  great  difficiihy.  It  leqiiircs  a  very  high  temperature  to 
melt  it,  so  tliat  hitherto  it  has  only  been  obtained  in  small 

2.  Chromium  is  not  altered  by  exposure,  but  when  heat- 
ed in  the  open  air,  it  is  gradually  oxidized.  Three  oxides  of 
Ihta  nietal  arc  known. 

Tlie  protoxide  or  green  oxide  may  be  obtained  by  expos- 
ing chromic  acid  to  heat  iu  close  vessels.  Oxygen  is  diaen- 
gaged,  and  tlie  green  oxide  remains  behind. 

The  deutoxide  is  intermediate  between  the  green  oxide  and 
chromic  acid.     Its  colour  is  brown. 

The  peroxide  or  chromic  acid  is  found  native  in  Tfd  lead 
,ore.  It  is  of  a  red  or  orange  colour,  sohible  in  water,  and 
composed  of  1  part  chromium,  and  2  parts  oxygen. 

The  remaining  properties  of  chromium  have  not  been  ex- 

L. 

^^LThis  metal  was  discovered  by  Klaproth  and  extracted  by 
^Hni  rrooi  an  ore  which  occurs  ui  Saxony,  and  is  known  by 

the  name  of  perhhlende. 

I.  It  requires  »o  violent  a  heot  to  melt  it  that  hitherto  llie 

tiuioa  baa  only  been  imperfectly  accomplished.     Its  colour 
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b  iron  grey,  it  has  considerable  lustre,  and  is  soft  enoiq^ 
yield  to  the  file.     Its  specific  gravity  is  Q'OOO. 

2.  It  forms  various  oxides  which  have  been  hitherto 
examined  by  Bucholz. 

When  heated  to  redness  it  undergoes  a  species  of 
tion,  and  is  converted  into  a  greyish  black  powder,  yMA 
the  protoxide.     It  is  composed  of  95  uranium  and  fi?e 
gen. 

When  uranium  is  dissolved  in  nitric  acid  and  pi 
by  potash,  it  is  obtained  in  the  state  of  a  peroxide.     Itii 
yellow,  tasteless  powder,  insoluble  in  water.  It  dissolves 
effervescence  in  muriatic  acid,    oxyniuriatic  acid  gas 
exhaled      Jt  is  composed  of  80  metal,  20  oxygen. 

Besides  these  two  oxides,  Bucholz  is  of  opinion  tliat  ttfltj 
are  several  others  intermediate  between  them,  disti 
by  thtir  colour.       He  recognised  four,  namely,  the  vUkl 
the  greenish  bfouHi  the  ^^reyish  green,  and  the  orange, 

S.  Uranium  is  capable  of  uniting  with  sulphur.  No  «•! 
perimeiits  have  been  made  of  the  action  of  the  other  sniuk' 
combustibles  on  it.  Neither  do  we  know  the  action  of  tk 
simple  uiconibustibleS;  or  the  alloys  which  it  forms 
Other  metals. 

Sect.  XXIII.     Of  Molybdenum. 

This  metal  is  extracted  from  a  scarce  mineral  called  SW' 
lybdcua,-  first  exammed  b"  Sclieele.  Molybdenum  was  fifK 
obtained  in  the  metalhc  state  by  IJielm. 

1.  H  iherto  it  has  only  been  obtained  in  small  gndn 
simply  agglutniated.  Its  colour  is  silvery  white.  Its  specific 
gravity  is  8  t)  1 1 .  It  is  brittle,  not  altered  though  kept  under 
water,  but  ilie  effect  of  air  is  unknown. 

2.  When  healed  in  the  open  air  it  gradually  combines 
with  oxygeU;  and  is  volalilizt.d  in  the  form  of  small  while 
peedies.     \y  seems  capable  of  lormjag  four  different  oxides. 
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The  protoxide  is  brawn.  It  ia  obtained  by  expo^jug  mo- 
lybdenum in  powder  to  a  red  heat. 

By  exposing  it  to  a  longer  and  more  violent  heut  it  becomes 
violet  brown.     This  Biicholz  coiisiders  as  a  second  oxide. 

The  blue  oxide  may  be  obtained  by  carrying  tlie  heat  a 
little  farther,  or  by  triturating  together  one  part  of  molybde- 
num and  two  parts  of  molybdic  acid,  boilmg  the  mass  in 
water  and  evapc)rating  the  litjuid  to  dryness.  This  oxide 
possesses  several  properties  of  an  acid.  It  converts  vegetable 
blues  to  red,  and  combines  with  saline  bases  aud  forms  salts. 
It  may  be  called  moh/hdous  actd.  It  is  compesed  of  100 
metal  and  34  oxygen. 

The  u'hite  oxide,  or  molybdic  acid,  is  obtained  by  roast- 
ing molybdena  for  soiae  time,  dissolving  the  grev  powder  iu 
ammonia,  and  pouring  nitric  acid  into  the  solution.  The 
oxide  precipitates  in  line  white  scales,  which,  w'hen  melted 
and  sublimed,  hecome  yellow.  It  converts  vegetable  blues 
to  red,  but  does  not  act  so  powerfully  as  the  blue  oxide.  It 
is  composed  of  two  parts  metal  and  one  part  oxygen. 

3.  Molybdenum  combines  with  phosphorus  and  sulphur, 
but  not  with  carbon  and  hydiogen. 

Sulphuret  of  molybdenum  occurs  native,  atid  is  usually 
called  nwlt/bdeua.  It  is  of  a  bluish  grey  colour,  has  the 
metallic  lustre,  and  is  composed  of  plates.  It  cousiats  of  Go 
parts  metal  aud  40  sulphur. 

4.  The  simple  incombustibles  do  not  combine  with  mo- 
Ivbdenum;  but  it  unites  with  the  metals  and  forms  alloya 
which  hitlierto  have  been  examined  only  by  Hielm.     None 

iff  them  are  of  much  importance. 
^  Sect.  XXIV.     0/  Tungsten. 

Tungsten  was  discovered  by  Scheele,  and  reduced  to  the 
»  VietaUic  sttite  by  Uie  D'£lhuyars.     It     so  difficult  of  fusion 
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th^ty  hitherto^  it  has  been  very  seldom  procured  in  a  t<>lera- 
bly  compact  state.  It  is  flometimes  called  schediuiu  afikar 
the  discoverer. 

1.  It  is  of  a  greyidi  white  colour,  and  has  a  good  deri  of 
brilliancy.  It  is  very  hard  and  seems  to  be  brittle.  Its  tfie- 
cific  gravity  is  17*6.  It  requires  a  temperature  at  least  e^pail 
to  170^  Wedgewood  to  melt  it;     It  is  not  magnetic. 

2.  When  heated  in  an  open  vessel  it  is  gradually  oxidbed. 
We  are  acquainted  with  two  different  oxides  ot  Una  vuiaif 
the  blue  and  the  yellow. 

The  prt^oxide  or  blm  oxide  may  be  obtmned  by  huatiiy 
the  yellow  oxide  for  some  hours  in  a  covered  crucible. 

Th<e  peroxide  or  yellow  oxide  may  be  obtained  by  boiKng 
tungsten  or  its  ore  in  muriatic  acid,  decanting  off  the  acid^ 
and  allowii^  it  to  settle.  A  yellow  powder  gradually  praoi* 
pitates.  This  yellow  powder  is  to  be  dissolved  in  ammoM% 
the  solution  evaporated  to  dryness,  and  the  residue  kept  bk 
some  time  in  a  red  heat.  This  yellow  oxide  is  composed  of 
80  parts  metal  and  20  oxygen*  It  combines  with  basest 
forms  salts,  and  therefore  has  been  considered  as  an  add. 
Its  specific  gravity  is  6*12.  ' 

3.  Tungsten  combines  with  sulphur  and  phosphorus,  but 
not  with  hydrogen  or  carbon. 

4.  The  simple  incombustibles  do  no^  unite  with  it,  but  it 
combines  with  the  metals  and  forms  alloys,  hitherto  exami- 
ned only  by  the  Elhuyarts. 

SfiCT.  XXV.    Of  Titanium. 

This  metal  was  discovered  by  Mr  Gregor ;  but  it  received 
its  name  from  Klaproth,  who  discovered  it  without  any 
knowledge  of  the  labours  of  Gregor. 

1 .  It  is  so  refractory  that  most  persons  have  failed  in  their 
attempts  to  reihice  it.    Lampadiua  is  said  to  have  succeeded. 
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Its  colour  is  diBt  of  coi>per,  aiid  it  has  con^dentbl«  lustre. 
It  is  brittle  but  clastic. 

3.  It  is  easily  oxidited  by  exposure  to  heat  and  air.  We 
kuow  three  oxides  of  titanium,  the  bltie,  the  red,  and  the 
tc/iite. 

The  protoxide,  which  ie  blue  or  purple,  is  formed  by  ex- 
posing titanium  hot  to  the  open  air. 

The  red  oKide  '\s  found  native.  It  is  often  crystallized  in 
four-sided  priHins.  Its  specific  gravity  ie  42,  and  it  is  h»rd 
eaiough  to  scratch  glass.  By  a  very  violent  heal  it  seems  to 
be  partially  oxidized.  It  seems  to  be  composed  of  100  me- 
tal and  ^3  oxygen. 

The  peroiiik,  or  white  oxide,  may  be  obtained  by  fusing 
the  red  oxide  in  a  crucible  with  four  times  its  weight  of  pot' 

Eand  dissolving  the  whole  in  water.  A  white  powder 
dually  precipitates,  which  is  the  oxide  in  question.  It  is 
nposed  of  about  two  parts  metal  and  one  oxygen. 

3.  Titenium  has  been  combined  with  none  of  the  simple 
combustibles  except  phosphorus.  ITie  phospliui-et  is  of  a 
white  colour,  brittle  and  granular,  and  does  uot  melt  before 
the  blowpipe. 

4.  Hitherto  titanium  has  been  alloyed  with  none  of  tlie 
metals  except  iron. 


Sect.  XXVI.     Of  Columhium. 


^^■.This  metal  was  discovered  by  Mr  Hatchett  during  the  ana* 
^Ppfis  of  ail  ore  from  America,  deposited  in  the  British  mu- 
^^feuni.  He  obtained  from  tlie  mineral  a  white  powder  which 
possessed  acid  properties  peculiar  to  itself.  He  shewed  that 
this  powder  was  a  metallic  oxide;  but  all  attempts  to  reduce 
it  to  the  metallic  state  were  unsuccessful.  AVe  are  at  pre- 
sent ignorant  of  the  properties  of  this  metal. 
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Ekeberg,  a  Swedish  chemist,  announced,  some  years  ago, 
that  he  had  discovered  a  peculiar  metal,  to  which  he  gave 
the  name  of  tantalum.  Dr  WoUaston  has  lately  proved  that 
this  new  metal  is  the  same  with  Mr  Hatchett's  columbium. 


Sect.  XXVII.     Of  Cerium. 

This  metal  was  discovered  by  Hisinger  and  Berzelius  in  a 
mineral  found  in  a  Swedish  copper  mine,  and  at  first  con^ 
founded  with  tungsten.  To  procure  the  oxide  of  cerium  is 
easy,  but  all  attempts  to  reduce  that  oxide  to  the  meti^lli^ 
slj^te  have  failed.  The  metal  appears  to  be  volatile,  and  is 
dissipated  by  a  violent  heat,  while  a  moderate  heat  is  not  suf- 
ficient to  reduce  it. 

1 .  Cerium  appears  to  be  white  and  brittle ;  but  its  other 
properties  are  unknown.. 

2.  It  forms,  at  least,  two  oxides,  the  zchite  and  the  bmwn; 
and,  according  to  the  Swedish  chemists,  there  are  two  oxides 
intermediate  between  these,  the  yellow  and  the  red, 

3.  We  are  unacquainted  with  the  efiect  of  the  simple  com- 
bustibles and  incombustibles  on  cerium.  It  has  been  alloyed 
with  iroii^  but  with  no  other  metal. 

Sect.  XXVIII.    General  Remarks. 

The  followbg  table  exhibits  a  synoptical  view  of  some  of 
the  principal  properties  of  the  metals. 
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gravity. 
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J 
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J 

Cobalt 
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u 

77 
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J 
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9 
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J 

Chromium 
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• 
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J 
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1 
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J 
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J 
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9+ 
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n 

Titanium 
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70+ 

Cerium 

White 

170+ 

9,.  AH  the  metals  are  capable  of  combining  with  o^ 
The  knowledge  of  the  number  of  oxides,  and  of  the  pFOMii 
of  oxygen  which  they  contain,  is  of  great  importance.  "1 
followii^  table  exhibits  a  list  of  these  oxides,  as  far  as  knoi 
of  their  colours,  and  of  the  quantit;y  of  oxygen  in  eacl^  tf 
biued  with  100  [>ai*ts  of  metal. 


GBNEBAL  BEMAIt 


JMi*^.       j 

C^h„r,, 

1 

CiJ„.r.. 

Gold          o 

K: 

32 

Lead          J 

4 

Yellow 

Red 

Brown 

2,5 

Platinum    t_ 

Brwwii 

15 

Zinc           ^ 

Yellow 
White 

13-6 

Sd,„          , 

I2-9 

Olive 

BismuU.     f 

Vellow 

1.2 

Mercury     . 

Bl.ck 
Red 

5 

10 

Autimoiij  , 

Wliite 
White 

i3-7 
30 

Pdladium  , 

Blue 

Yellow 

I'ellurmiH  i 

'  Wliite 

Rhotliiira 

'  Yellow 

Araenic 

While 
2  Acid 

33 

I„db„. 

Bluer 
Kedf 

Cobait 

Blue 

Green 

(    Black 

19-7 

2J 

Osmium 

P  Trjuipir. 

Mange- 

White 
2   lied 
J   Black 

66-6 

Copper 

1    lied 
;  Bl.ck 

13 

'' 

1  Green 

2  Blown 

3  tted 

200 

Iron 

1  Gre, 
J  Black 
3  lied 

IS 
92'3 

1   Black 
i  Yellow 

3- 17 

'29 

Nickel 

1  C.reen 
•2  Black 

•m 

Uranmm 

Moljljde- 

1  Brown 

2  Violet 
S  Blue 
4  White 

34 
30 

Tiu 

r. 

|,^8-9 

'3  Crey 
3  While 
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Metals, 

f 

dolours. 

• 

1 

1__ 

MitMU, 

■ 

• 

J 

P 

I 

2 

Colours, 

1 

Tungsten 

1 

2 

Black 
YeUow 

15 
23 

Colum- 
bium 

White 

* 

Titani- 
um 

1 

2 
3 

Blue 

Red 

White 

16 
33 

49 

Cerium  ' 

White  /  , 

Red    '  ' 

• 

The  Letter  P  m  the  second  column  signifies  Peroxide. 

• 

3.  Of  the  simple  combustibles  carbon  ha^  been  ofily 
united  hitherto  to  one  metal,  namely  iron:  hydrogen  gas 
dissolves  arsenic,  zinc  and  iron,  seemingly  in  the  metallic 
state :  phosphorus  combines  with  ipost  of  the  metals  hither- 
to tried,  but  these  compounds  have  been  applied  to  no  use- 
ful purpose  :  sulphur  likewise  combines  with  most  metab; 
the  sulphurets  are  often  found  native ;  some  of  them  are  pre- 
pared artificially  as  paints :  we  do  not  know  the  action  of 
boracium  on  the  metals. 

4.  Tlie  actioil  of  the  simple  incombu^tibles  on  metals  is 
not  striking.     Azote  has  no  effect.     Muriatic  acid  oxydizes  t 
some  of  them,   and  it  readily  combines  with  the  metallie 
oxides. 

5.  The  combinations  of  the  metals  with  each  other  called 
alloy Sy  are  some  of  them,  as  those  of  zinc  and  tin,  of  great 
importance.  The  greater  number  of  them  have  only  been 
very  superficially  examined. 


m 


OF  UNCONFI^EJBLE  BODIES. 

The  unconfineable  bodies  cunnot  be  examined  directly ;  be- 
cause we  have  no  method  of  retaining  them  till  we  ascertain 
theii'  properties.  We  can  only  draw  inferences  respectit^ 
them  by  seeing  the  changes  produced  upon  those  bodies  into 
which  they  enter,  or  from  wliicli  they  separate.  They  are 
four  in  number,  namely,  /ig/tt,  heal,  eleclricitif  and  magnet- 
ism. But  the  examination  of  the  two  last  is  not  considered 
as  the  province  of  chemistry.  The  two  first  will  occupy  our 
uttention  in  the  following  chapter?. 


Of  LicnT. 


Every  person  is  acquainted  with  the  light  of  the  sun,  and 
of  burning  bodies,  unil  that  it  is  by  .means  of  light  tliat  b^ 
dies  are  j'endered  visible. 

Huygens  considered  light  as  a  subtile  fluid  filling  space, 
and  rendering  bodies  visible  by  tlic  undulations  into  wtiich  it 
is  Utrown,  While  Nywlon  and  almost  nil  other  philosophers 
consider  it  as  a  subtile  substance,  constantly  separating  from 
luminous  bodies,  moving  in  straight  lines,  and  reudering  bo- 
.   dies  visible  by  entering  the  eye. 

Light  takes  about  8  minatcs  in  moving  across  half  the 
earth's  orbit,  which  is  a  space  exceeding  *)0  millions  of  miles ; 
of  course  its  velocity  is  not  much  less  than  200,000  miles  in 
a  second.  From  this  velocity,  joined  to  the  imperceptible 
efiect  produced  by  the  impulse  of  the  particles  of  light  on 
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net,  and  may  be  converted  into  a  magnet  precisely  like  barir 
of  steel.  It  requires  for  fusion  a  temperature  at  least  equai 
to  160°  of  Wedgewood.     It  is  not  altered  by  air  nor  water. 

Q,.  When  moderately  heated  it  tarnishes,  and,  if  in  powder, 
may  be  even  converted*  into  an  oxide,  but  a  strong  heat  fc- 
duces  it  again  to  the  metallic  state.  We  are  at  present  ac- 
quainted with  two  oxides  of  nickel,  the  green  and  the  black. 

The  protoxide  may  be  obtained  by  dissolving  nickel  ii»  ni- 
tric acid,  precipitating  die  oxide  by  carbonate  of  potash, 
washing  it  and  exposing  it  to  a  slight  red  heat.  It  is  c^  a 
dark  olive  green,  and  is  composed  of  78  nickel  and  22  oxy-' 
gen.  It  is  tastelessly  soluble  in  acids,  and  the  solution  is  grass-' 
green.     It  dissolves  likewise  in  ammonia. 

The  peroxide  may  be  formed  by  piixing  the  protoxide 
with  water,  and  pas-sii^  a  current  of  oxymariatic  acid  gat 
throu^  the  liquid.  A  portion  of  the  oxide  dissolves  and  a 
portion  acquires  a  black  colour.  When  this  black  oxide  it 
dissolved  m  acids,  an  effervescence  takes  place,  owing  to  th^ 
escape  of  a  portion  of  its  oxygen. 

3.  Nickel  has  not  been  combined  with  hydrogen  or  car*  . 
bon,    but  it  unites   readily  with  phosphorus  and  sulphur* 
Cronsteat  formed  sulphuret  of  nickel  Ijy  fusion.    The  phos*  \ 
phuret  may  be  obtained  by  dropping  bks:  of  phosphorus  on 
red  hot  nickel. 

4.  Nickel  does  not  unite  with  the  simple  incombustil^r 

5.  The  alloys  which  it  forms  are  but  imperfectly  knoWQ^ 
They  are  mostly  brittle  and  h^d,  and  have  been  applied  t# 
po  .useful  purpose* 

/ 

f 

Sect.  XII.    Of  Tin. 

Tin  was  known  to  the  ancients,  and  was  imported  from 
Britain  at  a  very  early  period  by  the  Phenicians* 


SECT.  XII.  TIX.  51 

1.  Tb  baa  a  fine  white  colour  with  a  shade  of  bUie.  It 
has  a  slightly  disagreeable  taste^  and  etnits  a  peculiar  smell 
when  rubbed.  It  is  scarcely  so  hard  as  silver.  Its  specific 
gravity,  when  hammered,  is  7'^99*  It  is  very  malleable  and 
may  be  hammered  out  into  very  thin  plates.  But  its  ducti^ 
lity  aiid  tenacitv  are  much  inferior.     A  tin'  wire  ^  inch  in 

•^  •  lS.o 

diameter  is  capable  of  supporting  only  3 1  pounds  without 
bieakii^.  When  tin  is  bent  it  produces  a  remarkable  crack- 
Eng  Boise.  It  melts  at  442°^  and  when  slowly  cooled  crys- 
tallizes in  rhomboidal  prisms. 

8.  Tin  soon  tarnishes  when  exposed  to  the  air,  but  the 
tarnished  coat  is  always  extremely  thin.  It  is  not  altered 
tkough  kept  under  water.  But,  at  a  red  heat  it  decomposes 
watnr>  combines  with  its  oxygen,  and  disengs^es  the  hydro- 
gjBD.  When  kept  melted  it  is  soon  covered  with  a  greyish 
■ntter  which  becomes  speedily  yellow.  But  it  is  very  dif- 
ficult to  oxydize  tin  completely  by  heat  and  air.  Tin  is  ca- 
pable of  forming  three  diflerent  oxides. 

The  protoxide  has  not  been  obtained  in  a  separate  state ; 
*ltat  Proust  has  shoMH  that  it  exists  in  the  compound  called 
Mosaic  gold,  to  be  described  immediately. 

The  deutoxidey  or  grey  oxide,  may  be  formed  by  dissolving 
tin  in  muriatic  acid  by  means  of  heat,  and  adding  potash  in 
excess  to  the  solution.  A  white  powder  falls,  which  is  gra- 
dually converted  into  a  grey  matter,  having  a  good  deal  of 
the  metallic  lustre.  This  is  the  grey  oxide.  It  is  tasteless 
feadily  soluble  in  acids,  and  greedily  absorbs  more  oxygen. 
It  is  composed  of  four  parts  tin  and  one  oxygen.     . 

The  peroxide  may  be  obtained  by  heating  tin  in  concen- 
trated nitric  acid.  A  violent  effervescence  ensues,  and  tlie 
tin  is  couverted  into  a  white  powder,  wliich  is  the  peroxide. 
It  dissolves  readily  in  potash  and  in  muriatic  acid.  It  is 
composed  of  7^  parts  tin  and  QS  ox}'geH. 


»> 
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net,  and  may  be  converted  into  a  magnet  precisely  like  barf 
of  steel.  It  reiquires  for  fusion  a  temperature  at  least  equd 
to  160°  of  Wedgewood.     It  is  not  altered  by  air  nor  water. 

Q,  When  moderately  heated  it  tarnishes^  and,  if  in  powdftr, 
may  be  even  converted'  into  an  oxide,  but  a  strong  heat  fe^ 
duces  it  again  to  the  metallic  state.  We  are  at  present  SK> 
quainted  with  two  oxides  of  nickel,  the  green  and  the  black. 

The  protoxide  may  be  obtained  by  dissolving  nickel  in  ni- 
tric acid,  precipitating  die  oxide  by  carbonate  of  potaAf 
washing  it  and  exposing  it  to  a  slight  red  heat.  It  is  of  a 
dark  olive  green,  and  is  composed  of  78  nickel  and  22  oxy-^ 
gen.  It  is  tasteless,  soluble  in  acids,  and  the  solution  is  grasF^ 
green.     It  dissolves  likewise  in  ammonia. 

The  peroxide  may  be  formed  by  piixing  the  protoxide 
witli  water,  and  passing  a  current  of  oxymariatic  acid  gat ' 
throu^  the  Hquid.  A  portion  of  the  oxide  dissolves  and  a 
portion  acquires  a  black  colour.  When  this  black  oxide  it 
dissolved  in  acids,  an  effervescence  takes  f>lace,  owing  to  iid 
escape  of  a  portion  of  its  oxygen. 

3.  Nickel  has  not  been  combined  with  hydrogen  or  cap*  - 
bon,    but  it  unites   readily  with  phosphorus  and  sulpbur* 
Cronsteat  formed  sulphuret  of  nickel  Ijy  fusion.    The  phos*  \ 
phuret  may  be  obtained  by  dropping  bkt.  of  phosphorus  08 
red  hot  nickel. 

4.  Nickel  does  not  unite  with  the  simple  incombustiblet* 

5.  The  alloys  which  ijt  forms  are  but  imperfectly  kttow% 
They  are  mostly  brittle  and  hard,  and  have  been  applied  tft 
po  nseful  purpose* 

Sect.  Xn.    Of  Tin. 

Tin  was  known  to  the  ancients,  and  was  imported  from 
Britain  at  a  veiy  early  period  by  the  Phenicians.. 


].  Tb  lias  a  fine  white  colour  with  a  sbaile  of  bine.  It 
\m  a  slightly  (<i.<agreeable  Uste,  and  emits  a  peculiar  sntell 
when  rubbed.  It  is  scarcely  so  hard  as  ^ver.  Its  specific 
gnvily,  when  hammered,  is  7'2(>9.  It  is  very  malleable  and 
nny  be  hammered  out  into  very  thin  plates.  But  its  ducti- 
%iiid  teiMcily  are  much  inferior.  A  tin  wire  j-J^  inch  in 
(fameter  is  capable  of  supporting  only  31  poimds  without 
Wfaeii  tin  is  bent  it  produce-t  a  remarkable  craclc- 
ling  ncHse.  It  melts  at  44^°,  and  when  slowly  cooled  cry»- 
tllizes  in  rhouiboidal  prisms. 

S.  Tin  soon  taruishes  ubcn  exposed  to  the  air,  but  Ifae 
hnii&hed  coat  is  always  extremely  thiu.  It  is  not  altered 
k  kept  under  water.  But,  at  a  red  heat  it  decomposes 
r,  combines  with  its  oxygen,  and  disengages  the  hjdro- 
Wbcn  kept  melted  it  is  soon  covered  with  a  grejidi 
[er  which  becomes  speedily  yellow.  But  it  is  very  dif- 
ink  to  osydize  Un  completely  by  heat  and  air.  Tid  b  c»> 
e  of  forming  titfee  different  oxides. 
"Hie  protoxtde  has  not  beeu  oblatoed  in  a  separate  stale; 
t  I^oust  has  Ehf)wu  that  it  exists  in  1^  coupoiad  caUtd 
oaaic  gold,  to  be  described  immediately, 
TTie  deiUaXide,  or  grey  oxide,  voay  be  formed  l»y  dtsmkng 
a  in  muriulic  acid  by  means  of  heat,  and  adding;  potaak  io 
[Ceaa  to  the  soluliou.  A  uhite  powder  faliit,  wtmii  is  gra- 
rerted  inio  a  grey  mailer,  having  a  good  deal  nf 
e  metallic  lustre.  This  t*  the  grey  o?(ide.  U  ia  Uflelevs 
lily  at^uble  in  acids,  a,aA  greedily  ab^rbs  more  oxj-geo. 
1  is  compoiied  of  four  parts  tin  and  one  osv'gcn. 
Tlie  peroxide  may  be  oblawed  by  heating  (m 
rated  nitric  acid.  A  violent  etlVn<eM:eiice  <=ti^ 
■I  is  couverled  iulo  a  white  ponder,  whJdi  i»fl 
t  dissolves  readily  in  potash  and  ia  niiirbti^L 
•mposed  of  72  parts  tin  awi  98  oxygen. 
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net,  and  may  be  converted  into  a  magnet  precisely  like  barf 
of  steel.  It  reiquires  for  fusion  a  temperature  at  least  equsd 
to  160°  of  Wedge  wood.     It  is  not  altered  by  air  nor  water. 

Q,.  When  moderately  heated  it  tarnishes^  and,  if  in  powder, 
may  be  even  converted'  into  an  oxide,  but  a  strong  heat  pc- 
dbces  it  again  to  the  metallic  state.  We  are  at  present  ac- 
quainted viTth  two  oxide*  of  nickel,  the  green  and  the  black. 

The  protoxide  may  be  obtained  by  dissolving  nickel  in  me- 
tric acid,  precipitating  die  oxide  by  carbonate  of  potash, 
washing  it  and  exposing  it  to  a  slight  red  heat.  It  is  of  a 
dark  olive  green,  and  is  composed  of  78  nickel  and  22  oxy-^ 
gen.  It  is  tasteless,  soluble  in  acids,  and  the  solution  is  grass^ 
green.     It  dissolves  likewise  in  ammonia. 

The  peroxide  may  be  formed  by  piixing  the  protoxide 
with  water,  and  passing  a  current  of  oxynnDriatic  acid  gat ' 
throu^  the  Hquid.  A  portion  of  the  oxide  dissolves  and  a 
portion  acquires  a  black  colour.  When  this  black  oxide  it 
dissolved  m  acids,  an  effervescence  takes  place,  owing  to  thd 
escape  of  a  portion  of  its  oxygen. 

3.  Nickel  has  not  been  combined  with  hydrogen  or  car*  - 
bon,    but  it  unites   readily  with  phosphorus  and  sulphur* 
Cronsteat  formed  sulphuret  of  nickel  Ijy  fusion.    The  pho9*  \ 
phuret  may  be  obtained  by  dropping  bk%  of  phosphorus  os 
red  hot  nickel. 

4.  Nickel  does  not  unite  with  the  simple  incombustiblei, 

5.  The  alloys  which  ijt  forms  are  but  imperfectly  knowib 
They  are  mostly  brittle  and  h^rd,  and  have  been  applied  t# 
po  useful  purpose* 


Sect.  Xn.    Of  Tin. 

Tin  was  known  to  the  anci^its,  and  was  imported  from 
Britain  at  a  very  early  period  by  the  Phenicians.. 


8KCT.  Xtl.  TIX.  SI 

1.  Tin  liaa  a  fine  white  colour  wtlh  a  shade  of  blue.  It 
has  a  slightly  disagreeable  ta)tte,  and  emits  a  peculiar  smell 
when  rubbed.  It  is  scarcely  so  hard  as  silver.  Its  specific 
gravity,  wheu  hatimiered,  is  7299.  It  is  very  malleable  and 
may  be  hammered  out  into  very  thin  plates.  But  its  ducti- 
lity and  tenacity  are  nmcb  inferior.  A  tin  wire  A.  inch  in 
diameter  is  capable  of  supporting  only  31  poundi^  without 
breaking.  When  tin  is  bent  it  produce)*  a  remarkable  crack- 
ling noise.  It  melts  at  442°,  wid  when  slowly  cooled  crys- 
tallizes iu  rhomboidal  prisma. 

2.  Tin  soon  tumishes  when  exposed  to  the  air,  but  the 
tarnished  coat  is  always  eii-tremeij  thiu.  It  is  not  altered 
though  kept  under  water.  But,  at  a  red  heat  it  decomposes 
water,  combines  with  its  oxygen,  and  disengages  the  hydro- 
gen. \\  hen  kept  melted  it  is  soon  covered  with  a  greyish 
natter  wJiich  becomes  speedily  yellow.  But  it  is  very  dif- 
ficult to  oxjdiae  tin  completely  by  heat  and  air.  Tin  is  ca- 
pable of  forming  three  diiJeicnt  oxides. 

'Die  piolniide  has  not  been  obtained  in  a  separate  state; 
hiOt  Proust  has  shown  tliat  it  exists  in  the  compound  called 
Mosaic  go/fl,  to  be  described  immediately. 

The  dtutoxifie,  or  grey  o\ide,  may  be  formed  by  dissolving 
tin  in  muriatic  acid  by  means  of  heat,  and  adding  potash  in 
excess  to  the  solution.  A  while  powder  falls,  wliich  is  gra- 
dually converted  into  a  grey  mutter,  hiiving  a  good  deal  of 
the  metallic  luatre.  This  is  the  grey  oxide.  U  in  tastelesi 
readily  soluble  in  acids,  and  greedily  absorbs  more  oxygen. 
It  is  composed  of  four  parts  tin  and  one  oxygen.     . 

Tlie  peroxide  may  be  obtained  by  heating  tin  in  concen- 
trated nitric  acid.  A  violent  etl'ervesccnce  ensues,  and  the 
tin  is  converted  into  a  while  powder,  wliich  is  the  peroxide. 
It  dissolves  readily  in  potai<li  and  in  niurliitic  acid.  It  i$ 
csmposed  of  72  parts  tin  and  2g"oxygen. 
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When  the  experiment  is  made  in  the  way  above  specified^ 
the  rise  of  the  thermometer  depencb  upon  the  distance  of  the 
canister  from  the  mirror,  being  always  the  greater  the  nearer 
the  canister  is  to  the  mirror.  From  Mr  LesUe's  experiments 
it  follows^  that  the  effect  on  the  thermometer  is  veiy  near^ 
inversely  propcHtional  to  the  distaice  of  the  ciAiister  fitmi  die 
reflector*  •  » 

When  the  nature  and  position  of  ihe  canister  is  the  same, 
the  rise  of  the  diermometer  is  always  proportionill  to  Ae  dif- 
ference between  the  temperature' of  die  hot  canister  and  that 
of  die  sttrroumfing  air. 

Heat  radiates  from  the  surfaces  of  hot  bodies  in  all  dkec* 
tiottSy  but  the  radiation  is  most  copious  in  the  direction  per- 
pendicular to  the  surface  of  die  hot  body. 

When  different  bodies  are  applied 'in  succession  to  the 
surface  of  die  canister,  their  power  of  radiation  becomes  evi- 
dent by  the  effect  they  produce  upon  the  thermometer.  The 
following  table  exhibits  this  effect,  as  ascertained  by  die  ex- 
periments of  Mr  Leslie. 

Lamp-blacky lOO^ 

Water,  by  estimate,      ....  1004- 

Writing  paper, -98 

Rosin, 96 

Sealing  wax, 95 

Crown  glass, . 90 

China  ink, 88 

^    Ice,     .     .     .    ; 85 

Minium, 80 

Isinglass, 80 

Plumbago, 75 

Tarnished  lead, 45 

Mercury, 2k)-f 

Clean  lead,    .......  19 
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Polished  iron, 15 

Tiii-plate, 12 

Gold,  silver,  copper,     ....        12 

Tbiis  it  appears  that  metak  i-udiute  heat  worst,  and  that 
lamp-black,  pap«r  and  glass  are  among  Uie  best  radiators  of 
it  tried.  The  radiating  power  of  the  metaU  m  increased  by 
taruisbing  and  by  scratchii^  dieir  surface. 

The  radiating  powers  of  these  bodies  were  vscertained  by 
applying  tiiin  coats  of  theni  to  the  surface  of  die  canisters. 
Now  it  appears  that  die  radiating  power  increases  somewhat 
with  the  thickness  of  the  coat,  till  that  coat  amounts  to  the 
T^v  of  an  iiKh,  when  it  remains  stationary.  But  this  does 
not  bold  with  respect  to  metallic  bodies,  the  thinnest  coat  of 
which  produces  as  great  an  effect  as  the  thickest. 

Whai  the  focal  ball  of  tlie  thennometer  is  glass,  let  us 
nippose  that  it  rises  100°  If  we  coat  it  with  tin-foil,  the 
rise  will  be  reduced  to  SO".  Hence  it  foilo^vs  that  these 
bodies  that  radiate  heat  best  inibibe  it  best,  and  that  those 
wliich  radiate  worst  inibibe  worst. 

Tile  contrary  holds  iviUi  respect  to  reflectors,  those  sub- 
1  reflect  best  which  radiate  leorst,  and  vice  verm.  The 
Following  table  exhibits  llie  comparative  goodness  of  different 
substaiKes  as  reflectors,  according  to  Mr  l^'slie's  esperi- 
uienls. 


Brass, 100 

Silver, '.    ..     .  90 

Tin-foif,  .     .■ 85 

Block-tin,     .     : 80 

Steel, 70 

Lead, 60 

Tin-foil,  softened  by  mercury,    .     ,  10 

F3 
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Glass, 10 

Ditto^  coated  with  wax  or  oil,  .     .       5 

• 

When  the  polish  of  the  reflector  is  destroyed  by  rubbing  it 
with  sand  paper,  the  efFect  is  very  much  diminished. 

Radiation  takes  place  only  in  elastic  mediums.  It  is  de- 
stspyed  altogether  by  plunging  the  apparatus  under  water. 
It  is  nearly  the  same  in  air  and  in  hydrogen  gas,  and  does  not 
seem  to  be  affected  by  the  nature  of  the  elastic  medium.  It 
is  diminished  by  rarifying  the  surrounding  air.      / 

When  a  substance  is  mterposed  between  the  hot  canister 
and  the  reflector  by  way  of,  screen,  the  efl'ect  is  varied  by  its 
distance  from  the  canister,  by  its  thickness,  and  by  the  natinre 
of  its  surface.  The  nearer  it  is  to  the  canister  the  less  is  die 
radiation  afiected;  at  a  certain  distance  all  radiation  is  de- 
stroyed. The  thinner  the^screen  the  less  of  the  heat  is  inter- 
rupted ;  the  radiation  slowly  diuiinishes  as  the  thickness  of 
the  screen  increases.  When  the  surface  of  the  screen  radiaites 
heat  well,  the  radiation  is  much  less  internipted  than  if  it  ra- 
diate heat  ill.  Thus,  if  the  screen  be  glass,  the  thermometer 
still  rises  a  certain  number  of  degrees,  but  if  it  be  tinfoil  the 
thermometer  does  not  rise  at  all.  From  these  phenomena  it 
cannot  be  doubted  that  the  screen,  in  all  cases,  intercepts  the 
whole  of  the  heat,  that  it  becomes  hotter  itself,  and  dien  ra* 
diates  heat  from  its  surface. 

>  Such  are  the  phenomena  of  the  radiation  of  heat  as  far  as 
they  have  been  investigated.  It  follows  very  different  laws 
from  light  in  its  radiation.  Mr  Leslie  has  endeavoured  to 
show,  that  heat  is  not  in  reality  radiated,  but  that  it  is  propa- 
gated with  the  velocity  of  sound  by  means  of  undulations  or 
pulses  of  air.  This  opinion  he  has  supported  with,  much  in- 
genuity. But  as  he  has  brought  no  other  evidence  for  its 
truth,  but  its  convenience  in  explaining  the  phenomena,  and 
as  it  is  at  variance  vnth  the  direct  experiments  of  other  phi* 
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Josophers,   it   cannot    be    adnuttod    till  direct  evider 
brought  forward  in  support  of  it. 


2.  Passage  of  Caloric  through   liodies. 

Calonc  we  lmv«  seen  is  incapable  of  radiating  through 
solid  bodies,  yet  it  is  well  known  that  all  bodies  are  pervious 
"ITirougli  them,  tiien,  it  must  make  its  w«j  in  a  difFe- 
nut  manner.  In  general  it  passes  very  slowly  through  tliem, 
wheti  it  pasaes  in  this  way,  it  is  said  to  be  candticleii 
:Arough  them. 

y  .Bodies  seem  to  conduct  heat  in  consequence  of  their  affi- 
V^  for  it,  and  of  the  property  which  lliey  have  of  combining 
a  indefinite  number  of  doses  of  it.  Hence  the  reason 
slowness  of  the  process.  Hence  also  tiie  reason  why 
be  temperature  of  the  body  through  which  it  passes  dimi- 
Rihes  equally  as  «'e  advance  from  the  source  of  beat  to  the 
l^er  extremity. 

.  Bodies  vary  In  their  power  of  conducting  heat,  The  me- 
|kls  are  tlie  best  conductors  of  heat  of  all  kuotvn  bodies, 
JProm  the  experiments  of  lugeiihoiisz,  it  follows  that  silver 
g»td  are  the  best  conductors  among  the  metals.  Cop- 
and  tin  follow  next  in  order,  and  platinum,  iron,  steel 
■nd  lead  are  nearly  equal  among  themselves,  but  much  iii- 
ierior  to  the  others.  Stones  came  next  after  the  metals, 
it  tbey  are  greatly  inferior  to  them.  Bricks  are  still  infe- 
V  to  stones.  Glass  also  is  a  bad  conductor.  Heuce  the 
facility  with  which  it  cracks  when  suddenly  heated  or  cooled. 
Dried  woods  are  considerably  inferior  to  glass.  From  tlie 
[periments  of  Meyer,  it  appears  that  they  differ  considera- 
,h|y  among  themselves.  Chaicoal  is  also  a  bad  conductor. 
Lccording  to  the  experiments  of  Morveau  its  conducting 
Sower  is  to  that  of  fiue  sand,  as  Q  to  3.  Feathers,  silk, 
iVool  and  hair  are  still  worse  conductors  thaii  any  of  the  pre- 
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cediug  substances.     Hence  the  reason  that  they  answer  so 
well  as  articles  of  clothing. 

It  is  admitted  on  all  hands,  that  all  solid  bodies  are  con- 
ductors, for  they  allow  heat  to  pass  through  them.  Liquids 
also  allow  heat  to  pass  through  them.  But  they  diflFer  from 
solids  in  the  mobility  of  their  particles.  When  a  particle  of  a 
liquid  is  heated,  it  becomes  specifically  Ughter,  and  tt^refore 
rises.  Count  Rumford  has  endeavoured  to  prove  that  heat 
passes  through  liquids  only  in  consequence  of  the  motion  of 
their  particles,  and  that  if  the  particles  of  liquids  were  immove- 
able, heat  coidd  not  pass  through  them  at  all.  Haice  he  iii- 
fers^  that  liquids  are  m  reality  non-conductors  of  caloric. 
But  his  experiments  are  not  such  as  to  warrant  the  conchx- 
sions  he  has  drawn.  The  subject  has  been  invest^ted  by 
different  chemists,  with  all  the  requisite  care.  It  has  been 
shown  that  heat  can  npke  its  M'ay  downwards  through  liqnkbi 
in  which  case  their  particles  cannot  be  suppos^  to  mciTe.' 
Hence  it  follows  that  they  are  all  conductors.  They  are 
however  very  bad  conductors.  Water,  for  example,  con- 
ducts lieat  much  worse  than  any  of  ihe  dry  woods. 

The  gases  are  still  worse  conductors  than  liquids.  They 
differ  a  good  deal  among  themselves  in  their  conducting 
power.  Hydrogen  gas  appears  to  be  the  best,  and  carbonic 
acid  the  worst  conductor.  From  the  experiments  of  Leslie,^ 
it  appears  that  hydrogen  conducts  4  times  as  well  as  com^ 
moQ  air.  The  conducting  power  of  gases  is  diminishlBd  by 
rarefaction,  by  vapours  of  all  kinds,  and  every  thii^  which 
has  a  tendency  to  dilate  air..  The  following  table  by  Mf 
Dalton  exhibiting  the  time  taken  by  a  thermometer  to  cool 
a  given  number  of  degrees  in  the  different  gases  will  give  the 
reader  some  idea  of  their  relative  conducting  powers. 
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Carbonic  acid 1 1^ 

Sulphureted  hydrogen 

Nitrous  oxide    .     .  ....     100-f 

Qiefiantgay       .     . 


Common  air 
Oxygen  .  , 
Azotic  gas 


100 


Nitrous  gas      •     . 90  . 

Gas  from  pitcolil 70 

Hydrog<en  gas'       .......      40 

Sect.  III.  Of  the  eQuat  Distribution  of  Temperature, 

Wben  substances  of  different  temperatures  are  placed  in 
inch  othei'sneighbouriiood,  the  hotter  bodies  become  colder^ 
tnd  ibe  colder  acquire  beat^  and  the  changes  continue  till 
all  the  bodifti  acquire  the  same  temperature.  This  property 
of  caloric  of  distributing  itself  equally,  has  been  called  the 
fjuSibrium  of  caloric.  It  might  with  more  propriety  be 
calledl  the  equal  distribution  of  temperature. 

it  had  been  taken  for  granted  by  Sir  Isaac  Newton,  and 
wirpnoved  by  the  experiments  of  KraJFt  and  Richmann,  that 
^vfaen  a  body  is  suspended  in  a  medium  of  a  temperature 
ciiffeKiit  ivom  its  own,  the  difference  between  the '  tempera- 
ture of  the  hody  and  the  medium  diminishes  in  a  geometrical 
nttio,  while  the  time  increases  in  an  arithmetical  ratio;  or, 
^Udi  comes  to  the  same  thin^,  that  in  given  small  time^,  the 
W  lost  is  always  proportional  to  die  heat  remainmg  in  the 
body.  .       ' 
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Sect.  IV.     Of  the  Effects  of  Caloric. 

The  changes  which  caloric  produces  oii  bodies  may  be  ar-^ 
ranged  under  3  different  heads ;  namely,  1 .  Changes  in  bulk ; 
£.  Changes  in  state ;  and  3.  Changes  in  combinatioa. 

1.  Changes  in  Bulk, 

Every  addition  or  abstraction  of  heat  produces  a  coner 
spending  change  iq  the  bulk  of  the  body  affected.     In  gene^ 
ral  the  addition  of  heat  produces  expandon,  and  the  abstract 
tion  of  it  produces  a  diminution  of  bulk.    To  this  generd^. 
law  there  are  perhaps  one  or  two  exceptions. 

The  expansion  of  gases  by  heat  is  greatest,  that  of  liquids 
much  smaller,  and  that  of  solids  smallest  of  all.  Thus  100 
cubic  inches  of  air  by  being  heated  from  32®  to  212°,  ex-! 
pandto  137*5  inches.  The  same  augmentation  of  tempera- 
ture makes  100  cubic  inches  of  iron  by  the  same  increasci  of 
temperature  expand  only  to  100*  1  inches. 

All  gases  undergo  the  same  expansion  by  the  same  atq^ 
mentation  of  temperature,  and  the  same  contraction  by  die 
isame  diminution  of  temperature.  This  change  is  nearly 
equable,  though  it  is  a  little  less  at  high  temperatures  than  at 
low.  From  the  most  exact  experiments  hitherto  made,  we 
may  conclude  that  air  and  all  gases  expand  about  -^^r  pa^t  of 
their  bulk  for  every  degree  of  heat  thrown  into  them. 

From  the  experiments  of  Gay-Lussac,  it  appears  that  the 
steam'  of  water  and  the  vapour  of  ether  undergo  the  same 
dilation  as  w  when  the  same  addition  is  made  to  their  tenir 
perature.  Hence  it  is  reasonable  to  conclude,  that  all  ela8>i 
tic  fluids  expand  equally  and  uniformly  by  heat. 

The  expansion  of  liquids  differs  from  that  of  elastic  fluids, 
not  only  in  quantity,  but  in  the  want  of  uniformity.     Every 


wn 


SECT.   IV.  EFFECTS  OF  CALORIC.  91 

liquid  has  a  peculiar  expansion  of  its  own,  different  from  that 
ot'  every  other  liquid.  The  expansibility  ip  greater  when  the 
temperature  is  high,  than  when  it  is  low.  Alcohol  expands 
iin>st  of  all  the  liquids  hitherto  iriod.  100,000  parts  of  it  at 
3G",  become  104,1()'2  al  100".  Nitric  add  is  Hic  next  in  or- 
der, tlien  lintseed  oil,  then  oil  of  turpentine,  then  sulphuric 
acid,  then  water,  aiid  mercury  is  the  least  expansible  of  all 
the  liquids  hitherto  tried. 

The  solids  e\pimd  much  less  than  the  liquids  As  far  as 
observatiou  has  gone,  iLeir  expansion  is  equable,  or  at  least 
their  deviation  from  it  is  insensible.  100,000  parts  of  glass 
at  3U*,  become 'at  lOO.OS.'i  at  aiS",  The  order  of  tlie  ex- 
panubility  of  the  principal  metals  is  as  follows,  beginning 
with  the  least  expansible.  Platinum,  gold,  antimony,  cast- 
iron,  sice!,  iron,  bismuth,  copper,  brass,  silver,  brass-wire, 
tin,  lead   zinc, 

Tlie  projierty  which  bodies  have  of  expanding  when  heat 
is  applied  to  them,  has  suggested  an  ipslmraent  for  measur- 
ing the  relative  temperatures  of  bodies.  Tills  instrument  is 
tjie  thermometer.  A  thermometer  is  a  hollow  tube  of  glass 
hermetically  sealed  and  bluwu  at  oue  end  into  a  hollow  globe 
or  lutlb.  The  bulb  and  part  of  the  tube  aie  hlled  with  mer- 
cury. When  the  bulb  is  plunged  into  a  hot  body,  the  mer- 
cury expands,  and  of  course  rises  in  the  tulie ;  when  it  is 
plunged  into  a  co!d  bodv,  the  mercury  contracts,  and  of  con- 
sequence sinks  ill  tl>e  tube.  Theniiomctcrs  are  made  in  this 
way,  'llie  requisite  quantity  of  mercury  hem};  introduced, 
the  thermometer  is  plunged  into  melting  snow,  and  the 
place  where  tlie  mercury  stands  u  marked.  This  is  called 
thej'reeziiig  point.  The  tliemioineter  is  then  plunged  into 
boiling  water,  aud  the  point  at  which  the  mercury  stands 
ked.  Ttiis  is  called  the  boiling  nater  point.  TTie  dis- 
;e  between  these  two  points  is  divided  into  a  number  of 
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equal  parts  called  degrees,  and  these  degrees  are  contiiiiied 
indefinitely  above  and  below  these  two  points. 

The  thermometer  gets  its  name  accordbg  to  the  anmber 
of  degrees  into  which  the  space  between  the  freezing  flMl 
the  boiling  point  b  divided.  There  are  four  thermometers  stiii 
used  in  Europe.  In  that  of  Reaumur  the  space  between  tiie 
two  points  is  divided  into  80**.  The  freezing  point  is  marfccd 
0,  the  boiling  point  80".  In  the  thermometer  of  Celsaus  the 
same  space  is  divided  into  100  degree?.  The  freezing  pcmit 
is  marked  0,  the  boiling  point  100^.  This  is  the  thermoine- 
ter  used  in  Sweden  and  in  France  since  the  revolution.  In 
the  thermometer  of  Fahrenheit,  the  space  between  the  tm 
points  is  divided  into  180  degrees.  But  the  scale  begins  it 
the  cold  produced  by  a  mixture  of  siioW  and  salt,  which  ii 
32®  below  the  freezii^  point.  The  freezing  point  is  marked 
in  consequence  32**,  and  the  boiling  point  212<*.  This  k  the 
thermometer  used  in  Britain.  It  is  the  one  always  used  ii^ 
this  work,'  except  when  some  other  is  expressly  mentioned. 
In  the  thermometer  of  Delisle,  the  space  bet\veen  the  two 
points  is  divided  into  ISO  degrees,  but  the  graduation  b^ins 
at  the  boiling  poiat,  which  is  marked  0.  The  freezing  point 
is  marked '-^150. 

As  mercury  does  not  expand  equably,  thei  tfienpometer 
does  not  give  us  an  exact  measure  of  the  increase'  of  heat. 
Mr  Dalton  has  endeavoured  to  prove  that  mercury  expand^ 
as  the  square  of  the  temperature,  i-eckonii^  from  its  freeziitt 
point.  This  opinion  has  induced  him  to  construct  a  new 
thermometer,  graduated  according  to  that  principle.  IfdiA 
opinion  be  correct,  the  common  degrees  are  too  large  near 
the  bottom  of  the  scale,  and  too  small  towards  the  upper 
part  of  it.  122*,  or  half  way  between  freezing  and  boiling, 
corresponds  according  the  new  graduation  with  1 10°  of  fte 
old. 


IKCT.  IV.  EFFECTS  OF  CALORIC.  yj 

The  exceptions  to  cxpaiisioii  by  heat  are  of  two  kinds. 
1 .  Tliose  liquids  which  have  a  luaximum  of  density  corre- 
sponding wilJi  a  certain  temperature,  and  which  of  conse- 
quence expand  wliether  tliey  be  heated  or  cooled  beyond  that 
temperature, 

i.  Certain  liquids  whicli  become  solid  by  cooliug,  and  ex- 
pand (luring  the  soUditicaUon. 

Water  is  \.\te  only  liquid  at  present  known  belonging  to  tlic 
Grat  class.  Its  greatest  density  is  at  the  temperature  of  40°, 
«  K  little  below  it.  If  it  be  heated  above  that  tempeiiilure. 
itexpands,  and  it  expands  equally  if  it  be  cooled  below  it. 
^tbA  niintber  of  experiments  have  been  made  iipou  tbis 
jNmt,  and  there  appears  no  doubt  of  the  matter  of  fact.  Mr 
DaltcA  has  lately  endeavoured  lo  show,  that  36"  is  the  de- 
gree at  which  the  density  of  water  is  a  maximum,  and  liix  ob- 
teivations  appear  satisfactory.  No  satisfactory  explanation 
of  the  cause  of  this  singular  anomaly  has  yet  been  ofi'ered. 

Ilie  second  class  of  bodies  is  nmneroiis.  Water  expands 
vitfa  great  force  when  it  freezes,  and  .is  converted  into  ice. 
The  specific  gravity  of  ice  is  at  09%  that  of  water  at  60°  be- 
ing 1-00.  Hence  ice  is  bghter  thau  even  boiling  hot  water. 
It  always,  dierefore,  swims  on  the  surface  of  the  water.  A 
)iuiu1bt  expansion  is  observable  duriug  die  crystallization  of 
nijst  of  the  salts.  Among  tlie  metals  there  arc  three  which 
'  ^pand  ill  the  act  of  congealing ;  these  are  cast-iron,  bismuth, 
iinil  artlimiiin/.  All  the  rest  seem  to  contract  instead  of  ex- 
fuding.  Sulphur  appears  also  to  expand  when  it  congeals. 
litis  ^pansioD  in  tliese  bodii^  must  he  ascribed  to  a  new  ar- 
mj^ent  which  their  integrant  particles  assume.  It  wjuld 
W  one  to  suppose  a  kind  of  polarity  in  these  integrant  par- 
ticles, otherwise  it  is  dilTicuEt  tu  conceive  why  they  tend  to 
upansioii  with  so  much  force.  Honey,  oils,  and  most  nie- 
••Ib  Contract  when  Uiey  become  solid.  Sulphuric  acid  also 
Sppears  to  contract. 
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•   2.  Changes  in  the  State  of  Bodies. 

All  substances  in  nature,  as  far  as  we  know  them,  occur  io 
one  or  other  of  the  three  states,  that  of  solldsj  of  liquids^  and 
of  elastic Jiaids,  In  a  vast  number  of  cases,  the  same' sub- 
stance is  capable  of  assumii^  each  of  these  states  in  8ucce8>- 
sion.  Thus  sulphur  is  usually  solid,  but  at  2 18^  it  becomes  a 
a  liquid,  and  at  670^  it  boils,  an4  is  converted  into  an  elastic 
fluid.  Water  is  a  liquid,  but  at  32^  it  freezes  into  a  sohd, 
and  at  212®  it  boils  into  an  elastic  il'dd. 

All  solids  (a  very  few  excepted)  may  be  converted  into  li- 
quids  by  heating  them  sufficiently,  and  almost  all  liquids  bj 
cooling  them  sufficiently,  *nay  be  converted  hito  solids.  li- 
quids by  heat  may  be  converted  into  elastic  fluids,  and  ma6j 
elastic  fluids  may  by  cold  be  changed  into  liquids.  The  law 
then  is,  that  solids  by  heat  are  converted  into  liquids  and  elasr 
tic  fluids ;  while  elastic  fluids  and  liquids  by  cold  are  brought 
into  the  state  of  solids. 

1 .  When  solids  are  converted  into  liquids  the  change  in 
some  cases  takes  place  at  once,  without  any  perceptible  io- 
terval  between  solidity  and  liquidity.  In  other  cases,  the  so- 
lid passes  slowly  through  all  thesintermediate  degrees  of  soflr 
ncss,  till  at  last  it  becomes  a  complete  liquid.  The  melt- 
ing of  ice  is  an  example  of  the  first  kind,  that  of  wax  and  tal- 
low of  the  second.  This  change  takes  place  at  a  particular 
temperature,  which  is  easily  ascertained  in  the  fiist  class,  but 
not  so  easily  in  the  second.  If  the  substance  at  the  usual 
temperature  of  the  atmosphere  be  liquid,  this  point  is  called 
ibe  freezing  point ;  but  if  it  be  usually  solid,  it  is  called  the 
melting  point.  Thus  32®  is  ihe  freezing  point  of  water^  and 
476®  the  melting  point  of  bismutli. 

Though  32*  be  the  freezing  point  of  water,  it  may  be  cool- 
ed down  considerably  below  that  point,  without  freezing.    Id 
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thermometer  tubes,  I  have  cooled  h  down  to  7",  and  in  a 
wine  glass  fo  20".  WbeQ  agitated  or  touched  with  a  bit  of 
ice,  it  freezes  very  suddenly. 

The  freezing  point  of  water  is  lowered  by  dissolving  different 
salts  in  it.  TTiui  *vater  saturated  with  common  salt  freezes 
at  4"  with  sal  ammoniac  at  8°,  with  Ruchelle  salt  at  2 1", 
and  with  nitre  at  26°,  When  the  proportion  of  the  same  sail 
dissolved  in  water  is  varied,  it  follows  from  the  experiments 
of  Sir  Charles  Blagden,  that  the  freeziug  point  is  always 
proportional  to  the  quantity  of  the  salt. 

The  nitric  and  sulphuric  acids  vary  remarkably  in  their 
freezing  points,  according  to  circumstances.  When  much 
diluted  with  water,  the  weakeKt  part  freezes,  while  a  strong 
portion  remains  liquid.  When  very  much  diluted,  the  whiile 
free/es,  and  tlie  freezing  point  is  lower  according  to  the  pro- 
portion of  acid  present.  The  strong  acids  themselves  under- 
go congelation,  and  each  has  a  particular  strength  at  which 
it)  congelation  is  the  easiest.  If  it  be  stronger  or  weaker, 
more  cold  is  necessary  to  congeal  it.  Sulphuric  acid  of  the 
■pecific  gravity  1'7H0  freezes  at  46".  But  if  it  be  diluted 
witb'H  little  water,  it  requires  a  cold  of —.45°,  the  strongest 
mtphuric  acid  freezes  at  1".  Tlie  strongest  nitric  acid  freezes 
at— -iS'S".  When  considerably  weaker  it  freezes  at — 1°, 
and  when  stil!  weaker  at  — a?"?". 

W«  are  indebted  to  Dr  Black  for  tlic  first  satisfactory  ex- 
planation of  the  change  of  solids  into  liquids  by  heat.  Ac- 
cording to  him,  solids,  in  order  to  liquify,  combine  with  a 
qmutity  of  heat  which  enters  into  them,  and  remains  in  them 
without  increasing  their  temperatui«.  Hence  he  called  it 
latent  hent.  liquids  congeal  by  giving  out  this  latent  heat. 
This  opinion  is  established  by  simple  but  satisfactory  experi- 
iiients,  and  he  ascertained  that  the  latent  heat  of  wat^r  is  140". 
The  following  tabic  exhibits  the  latent  heat  ofsomeotlicr 
JiquiiiB  as  asctctaiHed  hy  the  exjwmnents  of  Dr  Irvine. 
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Ditto  tedw 

Lateni  beat. 

ad  to  the 
tpecifichecA 

Sulphur  .  . 

effnater. 

143  68. 

G7  -14 

Spermaceti 

145 ..  . 

Lead  .... 

162  ..  . 

5-6 

Beeswax.  . 

175  ..  . 

Zinc   .... 

493  ..  . 

48-3 

Tin 

500.  .  . 

'2,2, 

[Bismuth.  . 

550  ..  . 

23-25 

..'5^ 


Dr  Black  has  shewn  also,  that  the  softness  of  such  bocfies 
as  are  rendered,  plastic  by  heat,  depends  upon  their  comlHii- 
ing  with  a  quantity  of  caloric. 

2.  Thus  the  conversion  of  solids  into  liqnids  is  owing  to 
their  combining  with  heat.  There  is  another  change  no  less 
remarkable  to  which  bodies  are  liable  when  exposed  to  -the 
action  of  heat.  Almost  all  liquids,  when  exposed  to  a  cer-r 
taiu  temperature,  gradually  assume  the  form  of  an  elastic 
fluid,  possessing  the  properties  of  air.  These  fluids  retain 
their  elastic  form  as  long  as  the  temperature  continues,  but 
when  cooled  down  they  lose  that  form,  and  are  converted 
into  liquids.  v 

.  Some  liquids  are  gradually  converted  into  elastic  Auids  at 
all  temperatures,  while  others  do  not  begin  to  undergo  the 
change  till  heated  to  a  certain  temperature.  Water  and  al- 
cohol are  well  known  examples  of  the  first  class  of  liquids  ; 
sulphuric  acid,  and  the  fixed  oils  of  the  second.  Water 
gradually  evaporates  even  when  in  the  state  of  ice,  but  sul- 
phuric acid  not  till  heated  above  212°.  The  first  class  of 
liquids  are  said  to  evaporate  spontaneously. 

When  other  circumstances  are  the  same,  tlie  evaporation 
uicreases  witli  the  temperature,  and  the  elasticity  of  the  va- 
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pour,  of  course,  increaaea  in  the  same  proportion.  At  a  cer- 
tain temperature  thi?  elasticity  balances  the  pressure  of  the 
atmospliere.  When  that  happens,  if  the  heat  be  applied  be- 
low, the  liquid  assumes  tlie  aerial  form  with  great  rapidity. 
The  vapour  forces  its  way  through  the  liquid,  and  a  violent 
^itation  Is  the  consequence.  The  liquid  is  then  said  to  boii. 
Every  particular  liijuid  has  a  certain  temperature  at  which  it 
begins  to  boil.  Thus  ether  boils  at  9S°,  alcohol  at  174°, 
and  water  at  £12°. 

Ilie  boiling  point  varies  with  the  pressure  of  the  atmo- 
sphere. It  is  highest  when  the  barometer  is  high,  and  lowest 
when  it  is  low.  All  liquids  boil  in  a  vacuum  about  145* 
lower  than  under  the  pressure  of  the  atmosphere.  The  elas- 
dcity  of  vapour  increases  with  the  temperature.  At  32"  the 
vapour  of  water  is  capable  of  supporting  a  column  of  iner> 
cory  02  inches  high,  at  ai'i°  it  supports  a  column  of  30 
inches. 

Dr  Black  applied  his  theory  of  latent  heat  to  the  conver- 
^on  of  liquids  into  elastic  tluids,  and  showed  that  it  is  owmg 
to  tlie  very  same  cause  as  the  conversion  of  solids  into  li- 
quids, namely  to  the  combination  of  a  certain  dose  of  caloric 
witli  the  liquid  without  any  increase  of  temperature.  From 
his  experiments,  compared  witli  those  of  Mr  Watt  and  Mr 
].AVoisier,  it  appears  that  the  latent  heat  of  steam  is  about 
lOOO*. 

Thus,  it  appears  that  Dr  BlacL's  law  is  very  general,  and 
iprehends  every  change  in  tlie  state  of  a  bodv.  It  may 
1>e  stated  ill  its  most  general  form  as  follows.  Whenever  a 
body  c/iaiige.i  ks  stale,  it  eilher  combines  mth  caloric  or  sepa- 
rates from  caUric. 

3.  It  is  probable  that  all  elastic  fluids,  or  gases,  owe  their 
elastic  form,  like  steam,  to  tlie  conibined  caloric  wliicli  tlicy 
contain ;  and  that,  if  they  could  be  subjected  to  a  sufficient 
'ould  lose  their  elasticity  and  bu  CQ^^ 
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voted  into  liquids  or  solids.  TUs  has  been  done  success- 
fully to  some  gases;  oxymuriatic  acid  and  ammonia,  for  ex« 
ample,  become  liquid  when  cooled  down  low  enou^.  The 
experiniait  has  not  succeeded  with  other  gases,  ev^i  though 
subjected  at  once  to  cold  and  pressure. 

3.  Charges  in  Composition. 

Caloric  not  only  increases  the  bulk  of  bodies  and  changes 
their  state,  but  its  action  decomposes  many  compounds  alto- 
gedier,  either  into  their  elements,  or  it  causes  these  elements 
to  combine  in  a  different  manner.  Thus  anmionia,  io  a  led 
heat,  is  resolved  into  hydrogen  and  azotic  gases ;  and  alcoiMil, 
by  the  same  heat,  is  converted  into  inflammable  air  and 
water. . 

In  general,  those  compounds,  which  have  been  formed  by 
combustion,  resist  the  action  of  heat  with  considerable  ob- 
stinacy. Those  that  contain  oxygen,  and  which  have  been 
formed  without  combustion  are  easily  decomposed,  and  so 
are  most  of  those  that  contain  combustibles. 

Sect.  V.     Of  the  Quantity  of  Caloric  in  Bodies, 

This  investigation  naturally  divides  itself  into  two  parts: 
1 .  The  relative  quantities  of  heat  in  bodies,  or  the  quantities 
in  each  necessary  to  produce  a  given  change  of  temperature. 
This  is  usually  termed  specific  caloric.  2.  Ttie  absolute 
quantity  of  heat  which  exists  in  bodies.  * 

I.  Of  the  Specific  Caloric  of  Bodies. 

If  equal  weights  of  water  and  spermaceti  oil  be  mixed 
at  different  temperatures,  it  is  natural  to  expect  that  the 
mixture  will  aequire  the  mean  temperature.    Suppose  die 
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temperature  of  the  water  100°,  and  that  of  the  oil  50°,  it  is 
reasouable  to  expect  that  the  water  would  be  cooled  down 
9.5",  aud  that  die  oil  would  be  heated  Sj",  and  that  the  tem- 
perature after  mixture  would  be  7  J".  But,  if  wc  make  llie 
experiment,  we  find  the  result  very  difFerenl,  The  tempe- 
rature, after  mixture,  instead  of  TJ"  is  SS"!,  cousenuently 
the  water  has  lost  only  16|,  while  the  oil  has  gaiued  SS^. 
If  we  mix  together  equal  weights  of  water  at  50°,  and  sper- 
maceti oil  at  100°,  the  temperature,  after  agitation,  will  be 
only  06°f ,  so  that  the  oil  has  lost  33^,  while  the  water  has 
only  gained  16^.  This  experiment  denionstiates  that  the 
same  quantity  of  heat  does  not  produce  tlie  same  effect  on 
water  and  spermaceti  oil.  The  quantity  which  raises  water 
1&J-,  raises  the  oil  OS-j-,  or  it  produces  double  the  effect  up- 
on the  oil  that  it  does  on  tlie  Wiiter.  If  other  liubstances  be 
tried  in  the  same  manner,  we  shall  find  that  they  all  differ 
from  each  otlier  in  the  quantity  of  caloric  necesaary  to  heat 
each  of  them  a  given  number  of  degrees,  some  requiring 
more  than  tlie  same  weight  of  water  would  do,  and  others 
less.  Now,  the  quantity  necessary  to  produce  this  effect  is 
called  tlie  speajic  caloric-  of  each.  The  specific  caloiic  of 
water  is  taken  as  the  standard  and  called  1,  and  all  the  others 
referred  to  it.  It  is  obvious,  from  the  preceding  exuniple, 
that  the  specific  caloric  of  water  is  double  Flint  <if  ^/permaceli 
oil.  If  we  represent  the  first  by  1,  wc  must,  of  course,  re- 
present the  second  by  0- j. 

This  investigation  was  begun  by  Dr  Black  and  prosecuted 
by  Dr  Irvine  and  Dr  Crawford,  who  published  a  table  of 
the  specific  heat  of  various  bodies,  and  made  it  the  founda- 
tion of  his  explanation  of  animal  heat.  Mr  VVilke  of  Swe- 
den likewise  investigated  the  specific  heat  of  various  bodies. 
Lavoiaicr  and  Laplace  attempted  the  investigation,  by  uscer- 
■aiiiing  how  much  ice  given  weights  of  bodies,  heated  a  cer- 
Mil  aumber  of  degrees,  was  capable  of  mellin;r  duriiijj  the 
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cooling.  The  subject  was  afterwards  prosecuted  by  Kir- 
wan,  Meyer,  Leslie  and  Dalton.  The  following  table  exhi- 
bitis  the  result  of  all  the  experiments  hitherto  published  on 
this  important  subject. 


I.  Gases. 


Hydrogen 
Oxygen 
Commoo  air 
Carbonic  acid 
Azote 


Sp,  CaUrie. 
21'4000» 
4»7490» 
1'7900* 
1'0454» 
0-7936* 


11.  Watm. 


Sf,  Caiorie, 
Pltto  (1-40)         -         -         0-62  (d) 
Solution  of  brown  sugar        0O86  f 
Ditto  (1-17)        -        -        0-77  (D) 


IV.  Acids  and  Alkalies. 


Ic« 

Water 
Steam 


{0-9000t 
0*8000(a) 
1-0000 
1'5500« 


Iir.  Saline  Solutions. 

Carbonate  of  ammonia       j  '^  ?  y^ 

Sulphtiret  of  ammonia  (0*8 1-8}  0-994f 

Sulphate  of  magnesia  1 7 

Water  2  J 

Common  salt  1 7 

Vfgttt  8j 

DSto  (M97) 

Nitre    17 

Water  sj         '        * 

Nitre    17 

Water  sj 

Carbonate  of  potash  (1*30)    0*75(o) 

Muriate  of  ammonia  I    7     ^,,ao  x 

Water        -        -      1-55    ^^^®  T 

Tartar      1    7 

Water  237.34 

Sulphate  of  iron  1 

Water  2.5 

Sulphate  of  soda  1 

Water 

Alum 

Water 

Nitric  acid 

liime  * 


0-844  f 

0*832  f 

0-78(d) 

0-8167  \ 

0-646 1 


2-9 

*    \ 

2-9$ 

n 


0-76^ 

0-734 1 

0-728  t 

0-649  t 

0-6189  I 


Nitric 
Acid 


I 


Vinegar 

rpale        • 
(1-20)      - 

...    .  (1-2989) 

^^     I  (1-90)  . 

}  (1-355) 
1(1-36) 

Muriatic  acid   JjJ.'J^^j 

/-  (1-885) 

\(1'872) 

\  (1-844) 
/(1-87) 

Do.  4,  Water  5 
Do.  4,  do.  3 
Do.  equal  bulks 
Acetic  acid  (1-056) 
Potash  (1*346) 


Sulphuric  add 


0-92  (o) 
0-844  f 
0-76(d) 

{0*6613  \ 
0-62(l) 
0*66'(») 
0*576  f 
0-63i(|}) 

0^80 1 
0-60(d) 
0-758 1 

{0-429 1 
0-S4(l) 
0-35  (d) 
0-3345£ 
0-333(4 
0-6631  \ 
0-6031  i 
0-52(d) 
0-66(0) 
0-759  f 
0-708  f 
1-03(0) 


V.  Inflammable  Liquids. 


r 
I 


(0-817) 


Alcohol  ^ 
I 

I 

!  (0-848) 
Sulphuric  ether  (0-76) 

Oil  of  oliyei 


0-9d0(«) 

0-6666* 

0-64  (l)* 

0-602* 

0-70(d) 

1*086  f 

0-76  (D) 

0-66  (o) 

C0.718t 

io-50(t) 
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Si.  Cihric. 

Sf.  CUrlc. 

Uoietd«a        -         -         0-528  t 

Charcoal 

OS6S1  • 

«~™„™i  „-l                      JO-5000  • 
Spernueetioil           .        j^^^^  ^^^ 

Cinderi 

0-1933  • 

OUofiurpentice             [%tJ^\^^ 

IX.  EARTHTBaoies,  S 

rotft-WAKl 

Spermaceti        -        -         0'399  f 

AND  Glass 

^J»ta  Suid         -         '          0-3£0  (a) 

VT" 

HydratE  of  lime 

0-40  (d) 

^Hl       VI.  Akiual  Flvidi. 

Chalk 

(0-27  (D) 

i0-2S6  ■ 

ro-30(L) 

ArterUl  blood           -         1-0300  • 

Quick-lime 

)  0-2^^9  • 

Venou*  liJoo*            -             0-8928  • 

fo-sieai- 

CW.ndlk            -             mill- 

Ashes  of  pit-coal 

0-1 S55  • 

Agate 

0-195  § 

Stone-ware 

0-195  t 

^H        Vn.  Amual  Solids. 

Crown-glasB 

o-aooffl) 

Crystal 

0-1929  t 

^K  hide,  wiih  hsir                  O-T870' 

Swedish  glass 

01fl7  § 

LnngB  of  a  sheep         -           0-7690" 

FUlll-gb55 

io-174t 

l.eaiiofoi-!i«£         -          0-V400* 

Vni.  VeGETABLC  SOBSTANCIS. 

X.StlLFHVa 

50-19  (D) 
2D-183tl 

Muriate  of  soda 

0-S3(D) 

Pinm  sylvMrii            -              0-65 1 

Pinmabiei         -            -           0-60  1 

TUea  Euiopsn             '            0-63 1 

XI.  Metal 

Pinui  picca           -          -           058  ^ 

Pjrru»m«lu8         -           -          0-57  1 

Platinum        - 

0-13  (a) 

Betulaalnus        -         -         0-5S 1 

f  0-143  (a) 

Quercusrobur  lessiUs                0-51  1 

0-.3(dS^ 

Fraiinu.  e«eliLor            -         0-511 

Iron 

.    0-1  S5t 

Pyruscom^ums           -            0-50  1 

0.12fi9' 

Rice             -              -            O-JOdO* 

Hor«e  beans        -        -       0-5020  • 

0-iias  • 

Dutt  of  ihe  pine-tree           0-5000  • 

Brass 

,0-116  5 

Peas              -              -            0-4920  • 

0-1 1  (o)^ 

rap.,,ylvauc=.             -             0-49  1 

Carpinus  betulus            -           0-48 1 

Copper 

BetuUalba        ■         -          0-4S 1 

;o-n(D) 

Wheat           -              -           0-4770  - 

Sheet-iron 

0-1099  i 

Elm                -               -              0-47  1 

Gun-metal         -          - 

0-1 100  |[ 

Quercus  robur  peduoculata     0-45 1 

Nitkel 

0-10Cd5 

Pninus  domeitica         -         0-44  1 

rCK)943  - 

Diospyrus  ebenum        -         0-^3 1 

Zinc 

B«ley           -              -            0-4210  • 

Oali              -              -            0-4160* 

Silver 

(OflBHS 
i0*8  (.) 

^ 

loa 
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Tin 


'Antltnlony 

Oold 

Lead  -    > 

BIsmutli 

Mercury 


Sp,  Caloric, 
"O068f 
10-0704  • 
|0O7  (d) 
.0-060  § 

S  0-086  f 
0-0645  * 
0-06S  § 
0-06  (d) 
50-050  § 
0-05  (d) 
^0-050  f 
10-0352  • 
1 0-042 /§ 
^0K)4  (d) 

J  0-043  § 
0-04  (d) 

10-0357  • 
y  0-0290  \ 
t0O496  (d) 


Spm  Calone* 


XII.  OxiDts. 

Oxide  of  iron 

Rust  of  iron 

Ditto,  nearly  free  from  air 

White  oxide  of  antimony 

washed 
Dp.  nearly  freed  from  air 
Oxide  of  copper  ditto 
Oxide  of  lead  and  tin 
Oxide  of  zinc  ditto 
Oxide  of  tin  nearly  free 

from  air 

Yellow  oxide  of  lead 


do.  5 


O-SSOf 
0-2500  • 
0-1666  • 
j0-220f 
io-2272» 
0-1666  • 
6-2272  • 
0-102  t 
0-1369  • 
0-0990  • 

0O680* 
0O68t 


^  Crawford ;  f  Kirwan ;  |  Lavoisier  and  Laplace ;  §  Wilcke  ;  ^  Meyei; 
x)  Leslie ;  ||  Coimt  Rumford ;  (d)  Dalton ;  (a)  Irvine. 
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The  specific  heats  of  the  gaseous  bodies  in  the  preceding 
table  were  ascertained  by  Dr  Crawford  by  means  of  very  de- 
licate experiments,  made  with  every  possible  precaution  to 
insure  iiccuracy.  Yet  there  is  little  probability  that  they  are 
ac(;urate.  Nor  are  we  in  possession  of  any  means  of  making 
them  ipore  so  by  experiment.  Mr  Dalton  has  calculated  die 
specific  heat  of  the  different  gases  from  theory.  The  fol- 
lowing are  the  numbers  he  obtained.  The  specific  heat  of 
water,  as  usual,  being  1. 


Hydrogen  gas 

9-382 

Azotic 

1-866 

Pxygen 

1-333 

Air           :  - 

1-759 

Nitrous  gais 

0-777 

Nhrous  oxide 
Carbonic  a^d 

0-549 

0-491 

Ammonia 

1-555 

Carbureted  hydrogen 

1-333 

Olefiant  ga? 
Nitric  acid 
Carbonic  oxide 
Sulphureted  hydrog( 
Muriatic  acid 
Aqueous  vapour 
Ether  vapour 
Alcohol  vapour 


en 


1*555 
0-49^ 
0-777. 
0-583 
0-424 
1-16& 
0*84S 
0-5M 
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Dr  Crawford  supposed,  that  tke  specific  heat  of  bodies  is 
permanent  while  they  retain  their  state.  But  Mr  Dalton 
has  lately  endeavoured  to  prove,  that  it  increases  with  the 
lemperature  of  all  bodies. 

Dr  Irvine  ascertained  that  the  specific  caloric  always 
changes  with  the  state  of  a  body.  When  a  solid  becomes  a 
liquid,  or  a  liquid  an  elastic  fluid,  the  specific  caloric  increa- 
se)). When  an  elastic  fluid  becomes  a  liquid,  or  a  liquid  a 
solid,  the  specific  heat  diminishes. 

Tlie  specific  heat  of  bodies  is  inci-eased  by  combining  them 
with  oxygen.    Tims,  the  specific  heat  of  metallic  bodies  is 

tuXer  than  that  of  metals  and  of  acids  than  of  their  bases, 
t 


.   Of  tke  Absolute  Quantity  of  Caloric  in  Bodies. 


Aa  the  same  quantity  of  heat  produces  diff'erent  changes 
temperature  in  difi^erent  bodies,  it  is  obvious  that  the 
thermometer  cannot  indicate  the  absolute  quantity  of  heat  in 
bodies.  Now,  it  becomes  a  question  of  considerable  im- 
portance to  enquire,  if  there  be  any  method  of  ascertaining 
the  absolute  quantity  of  heat  in  bodies.  Supposing  a  body 
deprived  of  all  heat,  and  a  thermometer  applied  to  it,  at  what 
point  would  the  thermometer  standi' 

Dr  Irvine  is  the  philosopher  who  first  attempted  to  solve 
this  problem.  His  reasoning  was  founded  upon  two  suppo- 
sitions. 1 .  That  the  specific  heat  was  proportional  to  the 
absolute  ^heat  of  bodies.  ^.  That  the  heat  emitted  or  ab- 
sorbed by  a  body,  when  it  changes  its  state,  is  merely  the 
consequence  of  the  change  which  has  taken  place  in  its  spe- 
cific heat.  Thus,  when  ice  is  converted  into  water,  140°  of 
heat  are  absorbed;  because  the  specific  heat  of  water  is  so 
much  greater  than  that  of  ice,  that  140°  are  necessary  to 
maintain  the  temperature.  The  first  of  these  two'  supposi- 
tioga  gave  him  the  ratio  of  tlie  absolute  quantity  of  heat  in 
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bodies,  and  the  second  the  difference  between  two  absolute 
calorics.  Thus,  if  the  specific  heat  of  water  be  10,  and  that 
of  ice  9^  then  the  absolute  quantity  of  heat  in  water  is,  to 
that  in  ice,  as  10  to  9*  Call  the  absolute  heat  of  ice  x,  dieo 
that  of  water  is  x  -f-  140,  and  we  have  x  :  x  4- 140  :  :  9  •  10. 
Hence  we  get  this  equation  10  x  =  9  x  +  1260,  which  pvt$ 
us  X  =  1260.  Water  at  3£^.  of  course  contains  1400°  of  ca* 
looric.  Dr  Crawford,  from  his  experiments,  stated  the  real 
zero  at  l^QO  b^low  0 ;  and  Mr  Dalton  places  it  at  6000  be- 
low 0. 

Unfortunately,  the  truth  of  the  two  suppositions  upoi 
which  this  ingenious  reasoning  is  founded,  cannot  be  admil- 
ted.  We  have  no  proof  that  the  specific  heat  of  bodies  is 
proportional  to  their  absolute  heat.  The  second  suppo3iticm 
is  at  variance  with  the  mechanical  phenomena  which  present 
themsdves  when^  substances  chaise  their  state,  and  would 
leave  that  chaise  itself  unaccounted  for.  It  cannot  therefore 
be  admitted.  Various  other  methods  of  ascertaining  the  ah- 
aolute  \iesLt  of  bodies  have  been  proposed.  But,  as  they  are 
gll  unsatis£^ctpry,  it  iff  i^t  neces8$^ry  to  detail  them  here, 

• 

Sect.  VI.     Of  the  Sources  of  Caloric. 

The  most  important  sources  of  heat  are  the  five  following, 
the  stm,  combtutionf  percussiouj,  friction,  and  mixture, 

1.  The  Sun. 

m 

The  sun  is  an  immense  globe,  the  diameter  of  wliidi  is 
888,246  miles.  It  .was  long  supposed  to  .be  in  a  state  of 
violent  combustion.  But  the  curious  observations  of  Dr 
Herschel  render  it  probable  that  this  notion  is  erroneous. 
From  them  it  appears,  that  the  sun  is  an  opaque  globe,  sur» 
founded  by  an  atmosphere  of  great  density  and  extent,    fa 
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this  atmosphere  there  float  two  regions  of  clouds.  The  lower- 
most of  the  two  is  opake,  and  similar  to  the  clouds  which 
form  in  our  own  atmosphere ;  but  the  hi^^her  region  of  clouda 
b  luminous,  and  eiiiit»  the  immense  quantity  of  light  to 
nhich  the  splendor  of  the  suii  is  owing. 

The  sun  emits  three  kinds  of  raja ;  tiie  calorific,  colorific, 
and  deoridiziiig.  The  first  occasions  heat,  the  second' ro/owr, 
and  the  third  separates  oxifgen  from  various  bodies. 

When  the  soJar  rays  strike  transparent  bodies,  they  pro- 
duce very  little  effect;  but  opake  bodies  are  heated  by  them. 
They  pass  through  transparent  bodies ;  but  are  retained,  at 
least  in  part,  by  opake  bodies.  The  deeper  the  colour  of 
the  opake  body,  the  greater  is  the  heat  produced.  Blact 
bodies  are  most  heated  and  white  least,  and  the  others  in 
proportion  to  the  intensity  of  the  colour.  The  temperature 
produced  in  bodies  by  the  direct  action  of  the  sun's  rays  sel- 
dom exceeds  iQ.(f.  But  when  the  heat  is  prevented  from 
escaping,  as,  by  enclosing  a  thennoiiieter  M'ilhin  a  glass  ves- 
sel whvse  bottom  is  cork,  the  temperature  sometimes  rises 
nearly  to  '240'.  When  the  sun's  rays  are  accumulated  by 
means  of  burning  glasses,  the  most  intense  heat  is  produced 
that  it  is  possible  to  raise  by  any  known  method. 

^^F  -■  Copihastion. 

Few  phenomena  are  more  wonderful  or  interesting  tban 
combustion.  When  a  stone  or  a  brick  is  heated  it  undergoes 
no  change;  and,  when  left  to  itself,  it  soon  cools  again,  and 
becomes  as  at  first.  But,  when  combustible  bodies  are  heat- 
ed to  a  certain  degree  in  the  open  air,  they  suddenly  become 
much  hotter  of  themselves,  continue  for  a  certain  time  in- 
tensely hot,  and  send  out  a  copious  stream  of  light  and  lieat. ' 
When  this  cea^s,  the  combustible  has  undergone  a  nrist 

tnplete  change,  being  converted  into  a  substaoce  possessed 
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of  very  different  properties^  and  no  longer  capable  of  com- 
bustion. 

The  first  ingenious  attempt  to  explain  combustion  jvas  by 
Dr  Hooke.  According  to  him,  there  is  an  ingredient  in  air 
capable  of  dissolving  combustibles  when  their  temperatore  ia 
sufficiently  raised.  Ttie  solution  takes  place  with  such  rapi- 
dity that  it  occasions  light  and  heat,  which,  in  his  ofnnioii, 
were  mere  motions.  The  quantity  of  this  solvent  in  air  k 
not  great.  Hence  the  reason  why  so  great  a  proportion  of 
air  is  necessary  to  support  combustion.  This  hypothesis  wai 
embraced  by  Mayow,  but  without  making  any  great  additioo 
either  to  its  evidence  or  probability. 

Becher  and  Stahl  soon  after  advanced  another,  which  was 
much  more  universally  embraced.  According  to  diem^  all 
combustible  substances  contain  in  them  a  certain  body  called 
phlogiston,  to  which  they  owe  their  combustibility.  This 
substance  is  the  same  in  all  combustible  bodies.  They  owe 
their  diversity  to  other  ingredients  combined  with  the  phlo-. 
gi^ton.  During  the  combastion,  the  phlogiston  s^Murata^ 
and  the  incombustible  ingredients  remain  behind.  The  K^t 
and  the  heat  are  occasioned  by  the  violent  motion  into  whidi 
the  phlogiston  is  thrown  during  its  emission. 

Light  being  considered  as  a  body,  occasioned  a  change  b 
the  Stahlian  theory.  Phlogiston  was  considered  as  nothing 
else  than  light  fixed  in  bodies.  When  heat,  in  consequence 
chiefly  of  the  discoveries  of'  Dr  Black,  came  to  be  consider- 
ed as  a  body,  the  opinion  respecting  phlogiston  got  a  new. 
modification.  It  was  considered  as  a  subtile  fluid,  the  same 
with  the  ether  of  Hooke  and  Newton,  which  occasioned 
gravity,  and  gave  the  bodies,  called  heat  and  lights  tbe  pecu* 
liar  motions  which  produce  in  us  the  sensations  of  heat  aad 
light. 

Dr  Priestley  first  attempted  to  account  for^the  necessity  of 
^ir  for  combustion.    Air^  accordii^  to  him,  has  an  affinity 
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for  phlogiston,  it  draws  it  out  of  the  comhustible  bod^  and 
combiues  with  it.  But  tf  so,  whence  cooie  tlie  heat  and  the 
light  which  make  their  appearance  in  all  cases  of  combus- 
tion i  According  to  Dr  Crawford,  they  existed  in  the  aiff 
and  were  displaced  by  the  phlogiston  when  it  united  with 
that  fluid. 

These  modilications  of  the  Stahlian  theory  were  evidently 
impro\-ements.  But  they  left  the  nature  of  phlogiston  alto- 
gether out  of  view.  Kirwan  first  attempted  to  ascertain  what 
this  substance  was,  and  to  prove  it  the  same  with  what  is  now 
called  hydr-ogen  gas.  Iliis  opinion  he  suppoited  in  an  inge- 
nious Essay  on  Phlogiston ;  and  it  was  embraced  by  many 
of  the  most  respectable  chembta  in  Europe. 

Meanwhile,  Mr  Ijivoisier  had  been  invesUgating  the  sub- 
ject with  the  minutest  attention ;  and,  after  a  very  long,  ela- 
boTHte  and  ingemous  examination,  had  satisfied  himself  that 
in  tiverj'  case  of  combustion,  oxygen  unites  with  the  burning 
body.  For  a  long  time  nobody  would  accede  to  his  opinion. 
But  at  last,  in  17SJ,  Berthollet  and  Fourcroy  joined  him, 
and  soon  after  Guyton-Morveau  came  over  to  his  sentiments, 
lliey  wrote  a  refutation  of  Mr  Kirwan's  essay,  which  was 
so  sadsfaclory,  that  Mr  Kirwan  him.'ielf  came  over  to  their 
opinion.  And  after  a  short,  but  pretty  violent  controversy, 
the  Lavoiseriau  tlieory  of  combustion  was  miiversally  adopt- 
ed. According  to  this  theory,  combustion  consists  of  two 
proceases,  a  i-ombiiiatioii  aud  a  decomposition.  The  oxygen 
of  ilic  air  aimbiiies  with  the  combustible,  aud  gives  out  the 
heat  and  iight  with  which  it  was  previously  united. 

The  following  obsenatious  may,  perhaps,  contribute 
i^iiniewhat  to  elucidate  what  is  still  obscure  in  this  curious 
process. 

All  bodies,  as  far  as  combustion  is  concerned,  may  be  di- 
rided  into  stijtportrrs,  eombuUibies  and  incomtiiiAlilks.     By 

meant  certain  bodies,  not  indeed  capable  9^ 
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burningy  but  combustion  cannot  go  on  without  tbeir  pre- 
sence. AiVf  for  example,  is  a  supporter.  CambtuiiUa 
and  inccmbustibles  require  no  explanation. 

Oxygen  is  the  only  simple  supporter  known.  When  it 
combines  with  an  incombustible,  it  forms  a  compound  siqh 
porter.  The  following  are  all  the  supporters '  at  present 
ImoWn. 

1.  Oxygen. 

2.  Air. 

3.  Nitrous  oxide. 

4.  Nitrous  gas. 

5.  Nitric  acid. 

6.  Oxymuriatic  acid. 

7.  Hyper^xjmuriatic  acid. 

The  combustibles  are  eitiier  the  simple  substance  whidi 
have  been  already  described,  or  combinations  of  these  with, 
each  odier,  orwitii  oxj^en  without  combustion:  in  whidi 
last  case,  they  may  be  called  combustible  oxides. 

During  combustion  the  oxj^en  of  the  supporter  alwi^ 
combines  with  the  combustible,  and  forms  with  it  a  new  sub- 
stance, which  may  be  called  a  product  of  combustion.  Now 
every  product  b  eitiier,  1.  Water ;  S.  An  acid ;  or,  3.  A  me- 
tallic oxide. 

Some  products  are  capable  of  combining  with  an  addi- 
tional dose  of  oxygen.  But  this  combination  is  never  at- 
tended \nth  combustion,  and  the  product,  in  consequence, 
is  converted  into  a  supporter.  Such  compounds  may.be 
called  partial  supporters,  as  a  part  only  of  the  oxygen  which 
diey  contain  is  capable  of  supportii^  combustion. 

Since  oxygen  is  capable  of  supporting  combustion  only  in 
the  supporters  and  partial  supporters,  it  is  clear  that  it  is  in 
a  different  state  in  these  bodies  from  what  it  is  in  products. 
It  is  probable  that,  in  supporters  it  contains,  combined  widi 
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it,  a  considerable  quantity  of  heat,  which  is  wantii^  in  pro- 
lucts. 

It  is  probable  that  combustible  bodies  contain  light  as  a 
constituent.  For  the  quautity  of  light  emitted  during  com- 
bustion depends  upon  tlie  combustible  ;  while  the  heat  seems, 
in  some  measure  at  least,  to  depend  upon  the  oxygen.  If 
these  two  suppositions  be  admitted,  the  phenomena  of  com- 
bustion admit  of  an  easy  explanation.  The  base  of  tlie  oxy- 
gm  and  of  the  combustible  combine  together  and  form  the 
I  prodtict,  while  the  heat  of  the  one  and  the  light  of  the  other 
in  like  manner  unite  and  fly  off  in  the  form  of  fire. 


3.  Percussion. 


It  is  well  known  that  heat  is  produced  by  the  percussion 
•f  hard  bodies  against  each  other.  Iron  may  be  heated  red 
hot  by  striking  it  with  a  hammer,  and  the  sparks  emitted  by 
flint  and  steel  are  well  known. 

This  evolution  of  heat  appears  to  be  the  cmisequence  of 
the  permanent  or  temporary  condensation  of  the  bodies 
struck.  Iron  and  most  metals  become  specifically  heavier 
when  hammered.  Now  condensation  always  evolves  heat. 
Wlien  air  is  condensed  it  gives  out  a  considerable  quantity  of 
beat  sufficient  to  set  Are  to  tinder.  When  muriatic  acid  gas 
is  passed  through  water,  it  is  condensed,  and  the  water  be~ 
comes  hot.  On  the  other  hand,  when  air  is  rarified,  it  be- 
comes suddenly  much  colder. 

It  is  not  difficult  to  see  why  condensation  evolves  heat. 
Tlie  particles  being  forced  nearer  each  other,  the  repulsive 
foice  of  liie  heat  is  increased,  and  a  portion  in  conseqii^ice 
■!<  driven  off.  The  specific  caloric  of  bodies  is  diminished 
by  condensation.  Now  the  specific  caloric  can  scarcely  be 
conceived  to  diuunisli  without  the  body  giving  out  heat. 


I       1 
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A  part  of  die  heat  which  follows  percussion,  is  often  ow- 
ing to  another  cause.  By  the  percussion,  the  heat  of  the 
body  is  raised  so  high  that  combustion  commences,  and  diis 
occasions  a  still  farther  mcrease  of  the  heat.  It  is  in  this 
way  diat  sparks  are  produced  when  flint  and  steel  are  struck. 
The  sparks  are  small  pieces  of  the  steel  which  have  taken 
fire  and  melted  during  their  passage  through  the  air. 

4.  Friction. 

Heat  is  not  only  evolved  by  percussion,  but  also  by  fiie- 
tion.  And  not  only  by  the  friction  of  hard  bodies  but  em 
of  soft  bodies,  as  when  the  hand  is  rubbed  against  the  slieve 
of  the  coat  No  heat  has  ever  been  observed  from  the  fric- 
tion of  liquids. 

The  heat  evolved  by  friction  seems  to  be  owing  to  Ae 
same  cause  as  d»t  by  percussion ;  namely,  a  condensaticm  of 
the  substances  rubbed.  This  condensation  is,  in  some  cases, 
permanent;  but,  when  the  bodies  rubbed  are  soft,  it  can  oih 
ly  be  momentary. 

The  heat  evolved  by  fricUon  is  sometimes  very  consider- 
able. Thus  Count  Rumford  boiled  water  by  the  heat  evd- 
ved  by  rubbing  a  steel  borer  against  a  cylinder  of  gun-metal. 
Probably  in  this  case  the  density  of  the  metal  was  a  little  in- 
creased. A  very  small  increase  would  account  for  the  whole 
heat  evolved. 

5.  Mixture. 

In  a  great  number  of  cases  a  chaise  of  temperature  takes 
place  when  bodies  combine  chemically  >vith  ^ach  other. 
Sometimes  the  compound  becomes  colder  than  before,  and 
sometimes  hotter. 
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When  glauber's  salt  in  crystals  poiioded  is  dissolved  in  wa- 
ter, a  considerable  degree  of  cold  in  produced,  and  the  cold 
is  still  more  iiitemie  if  the  salt  be  dissolved  ill  muriatic  actd. 
If  muriate  of  linie  in  powder  and  dry  snow  be  mixed  toge- 
ther, so  great  a  degree  of  cold  is  produced  that  mercury  may 
be  frozen  if  it  be  surronnded  by  such  a  mixture.  Potash 
and  snow  produce  an  equally  great  cold.  WJien  nitric  acid 
or  ^Iphuric  acid  is  poured  upon  auow,  the  snow  dissolves 
and  an  intense  cold  is  produced. 

On  tlie  other  hand,  when  sulphuric  acid  and  water  are 
mised,  so  great  a  heat  is  evolved,  that  the  liiiuid  is  consider- 
ably hottei-  tlian  boiling  water.  Heat  also  is  produced  when 
nitric  acid  and  water,  or  water  and  alcohol  are  mixed  toge- 
ther. Heat  also  Is  pro-.luced  if  glauber  salt,  in  a  state  of  ef- 
florescence, is  dissolved  in  water.  An  intense  heat  is  produ- 
ced by  dissolving  ({uick-lime  in  sniphuric  acid. 

In  most  of  these  cases  of  change  of  temperature,  water  a 
^dier  one  of  tiic  substances  combined,  or  it  forms  an  essen- 
tia! coiLslituent  of  one  of  them.  The  heat  or  ilio  cold  pro- 
duced depends  often  on  this  constituent.  Tliua  Glauber's 
salt,  contaiuing  its  water  of  crystallization,  produces  coid 
when  dissolved^  while  the  same  salt,  deprived  of  its  water  uf 
crystallization,  produces  beat. 

If  the  new  compound  be  more  fluid  than  the  two  consti- 
tuents of  it,  ibe  temperature  sinks ;  if  it  be  less  fluid,  ^ 
temperature  rises.  Thus,  when  snow  and  common  salt  are 
mixed,  they  gradually  melt  and  assume  tlie  form  of  a  liquid, 
and  the  tenipeiature  sinks  to  zero.  Solid  water  caimot  be- 
come liquid  without  combining  with  a  (luaiitity  of  heat,  and 
the  same  rule  applies  to  all  solid  bodies  which  bi'come  liquid. 
Hence  the. cold  cvoh-ed  in  these  cases.  The  water  of  crjs- 
tallization  in  Glauber's  salt  is  solid :  it  becomes  liquid  when 
the  salt  is  dissolved.  Hence  the  cold  produced.  When  the 
e  salt,  free  from  its  water  of  crystaUization,  is  thrown  in- 
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to  wateTi  it  first  combines  with  a  portion  of  tbe  water  and 

renders  it  solid.     Hence  the  heat  evolved.    Dr  Black's  doo* 

« 

trine  of  latent  heat  affords  a  satisfeu^tory  explanatioii  bt  llieMf 
phenomena. 

When  the  density  of  two  liquids  united  is  greater  than  ditf 
mean;  heat  is  evolved,  because  the  specific  caloric  of  the 
compound  b  less  than  that  of  the  constituents.  Thb 
first  observed  by  Dr  Irvine,  and  it  accounts  for  the  heit 
evolved  %heB  water  is  mixed  with  sulphuric  acid,  nitric  add 
or  alcohol. 

Thus  it  appears  that  the  changes  of  temperature  produced 
by  mixture,  are  either  occasioned  by  the  chai^  < 
which  the  water  undergoes,  or  by  a  diminution  of  s 
caloric,  in  consequence  of  the  new  combination. 


BOOK    II. 


OF  COMPOUND  BODIES. 


Compound  bodies  are  substances  composed  of  two  or 
more  simple  substances  united  tc^ether.  They  amount  to 
several  thousands ;  but  the  present  state  of  the  science  does 
not  permit  us  to  give  an  account  of  them  all  under  their  pnv* 
per  heads. 

Compound  bodies  are  of  two  kinds.  Some  are  formed  by 
the  combination  of  two  or  more  simple  substances  with  each 
other,  while  others  are  formed  by  the  union  of  two  or  more 
compound  bodies  with  each  other.  To  the  first  class  belong 
phosphoric  acidy  composed  of  phosphorus  and  oxygen ;  and 
mmmoniaf  composed  of  azote  and  hydrogen*    To  the  second 
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class  heloiag  phosphate  of  amTnonia,  composed  of  phosphoric 
add  and  ammonia. 

Besides  the  35  simple  substances  described  in  the  prece- 
dii^  pageS;  there  are  a  number  of  others  brought  into  view 
by  the  sagacity  of  Mr  Davy.  They  constitute  the  bases  of 
the  substances  called  alkalies  and  earths,  which  form  a  dis- 
tinct order  by  themselves,  and  may  be  called  salifiable  bases^ 
This  book  shall  be  divided  into  three  parts.  I.  Salijiable 
Bases.  II.  Primary  Compounds.  III.  Secondary  Com" 
pounds.  And  we  shall  terminate  it  by  an  account  of  those 
animal  and  vegetable  substances  not  yet  sufficiently  knovin  to 
adoiit  of  their  being  arranged  under  either  of  the  preceding 
heads. 


DIVISION   I. 
OF  SALIFIABLE  BASES. 

The  salifiable  bases  may  be  arranged  under  the  four  fol- 
lowing heads : 

1.  Volatile  alkalies. 
fi.  Fixed  alkalies. 
^S.  Alkaline  earths. 
4.  Earths  proper. 


Chap.  I. 
OF  volatile  alkalies. 

Tlie  term  alkali  was  introduced  into  chemistiy  after  having 
been  applied  to  a  plant  that  still  retains  th^  name  of  kali. 
When  this  plant  b  burnt;  tlie  ashes  washed  iu  water,  and  the 
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VOLATILE  Alkalies. 


water  evaporated  to  dryness,  a  white  substance  remjuiis,  called 
alkali.     Atka)i  amy  be  obtained  from  many  other  bodies  t 
Bides  this  plant.     Chemists  gradually  discovered  that  differ 
substances  had  been  confounded  together  under  the  name  Of  J 
alkali.     The  word,  in  consequence,  became  general,  and  il 
now  applied  to  all  substances  havmg  the  following  [jro- 
perties. 

1.  A  caustic  taste. 

a.  Volatilized  by  heat. 

3.  Capable  of  combuiing  with  acids  and  of  dcstroyii] 
(heir  acidity. 

4.  Soluble  in  water,  even  wbeu  combined  wi^  carboi 

5.  Capable  of  converting  vegetable  blues  to  green. 
The  alkalies  at  present  known  are  three  in  number :   1 
inonia ;  S.  Potash ;  3.  Soda.     The  first  is  called  volatile  al<^ 
Icalii  the  two  \iist Jixed  alkalies. 


Sect.  I.     Of  Ainmonia. 

Put  into  a  retort  a  mixture  of  three  parts  quick-lime  and 
one  part  sal  ammoniac,  plunge  the  beak  of  the  retort  into  a 
trough  filled  with  mercury-  -^ppb'  ''^t-  -^  g^  comes  over 
which  may  he  received  in  glass  jars  filled  witii  inercu^J 
This  gas  is  ammonia. 

This  gas  possesses  the  mechanical  properties  of  coniniDp 
air.  Its  taste  is  acrid  and  pungent,  and  it  has  a  strong  smell, 
not  unpleasant  when  diluted.  Animals  cannot  breathe  it,  and 
combustibles  do  not  burn  in  it.  Its  specific  gravity  is  0600, 
that  of  air  being  t-000.  At  the  temperature  of  00°,  100 
cubic  inches  of  it  weigh  18' 16  grains.  When  exposed  to  a 
cold  of  —43",  it  is  condensed  Bito  a  liquid.  When  passed 
tlirough  a  red  hot  lube,  it  is  decomposed  and  converted  into 
{lydrogen  Mid  azotic  gases. 
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Water  ^orbs  it  with  great  rapidity.  Tliis  liquid  absorbs 
780  times  its  bulk  of  this  gas,  aiid  six  parts  of  water,  by  lliis 
absorption,  increase  in  bulk  to  10  parts.  The  specitic  gia- 
vit}-  of  this  Bolutioii  is  OfKK).  It  is  in  this  state  that  ammo- 
tiiu  is  conimoiily  used.  It  was  known  to  the  alchymista,  and 
called  hartshorn,  spiril  of  urine,  and  npirit  of  sal  ammoniac. 

Ammoniscal  gas  is  not  altered  by  light,  but  when  electric 
("parks  are  made  to  pass  through  it,  its  bulk  is  nearly  doubled, 
and  it  is  converted  into  hydrogen  and  azotic  gases.  Hence 
it  follows  that  it  is  composed  of  hydrogen  and  azoic.  The 
most  exact  experiments  make  the  proportion  of  the  consti- 
tuents three  parts  in  bulk  of  hydrogen  gas  and  one  part  of 
:i?ote,  or  in  weight 
^_  8r5  azote. 

K  18.3  hydrogen. 

H  100-0 

^nnien  mixed  widi  oxygen  gas,  it  detonates  by  electricity, 
^B  is  decomposed  as  Dr  Heury  has  ascertuiiied.  To  ana- 
^e  ammonia  by  means  of  oxygen,  it  ought  to  be  firet  mixed 
\vith  half  its  bulk  of  oxygen  gas.  An  electric  spark  occa- 
siom  a  conibastion,  but  the  whole  of  the  Iiydrogen  is  not 
consumed.  By  adding  another  quantity  of  oxygen  gas  a  new 
combustion  may  be  produced.  Double  die  oxygen  gas  con- 
sumed indicates  tlte  bulk  of  hydrogen,  and  the  a/ote  retiiaiu- 
ing  in  the  residuary  gas  its  bulk  may  be  estimated. 

Sulphur  is  the  only  one  of  the  simple  combustibles  that 
combines  with  ammonia.  Tlie  combination  may  be  produ- 
ced by  mixing  it  with  sulphur  in  the  state  of  vapour,  or  bet- 
ter by  distilling  a  mixture  of  equal  weights  of  sal  ammoniac, 
sulphur  and  quick-Hme  diluted  with  a  little  water.  A  yellow 
liquid  conies  over  which  consists  of  water,  holding  in  solu- 
tion ammonia  and  sulphur.     It  contains  un  excess  of  ammo- 
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When  ammonia  comes  in  contact  with  phosphorus  at  a  red 
heat  it  is  decomposed,  and  phosphureted  hydrogen  gu 
formed.  When  ammoniacal  gas  is  made  to  pass  through  red 
hot  charcoal,  a  substance  is  formed  called  prussic  acid, 

Ammopia  is  not  acted  on  by  azote,  but  it  combines  moth 
muriatic  acid  and  forms  the  well  known  salt  called  sal  ammo^ 
fdac,  or  muriate  of  ammonia. 

Ammonia  is  capable  of  oxidizing  some  of  the  metals,  and 
of  dissolving  the  oxides  formed.  liquid  ammonia  dissolves  dM^ 
oxides  of  silver,  copper,  iron,  tin,  nickel,  zinc,  bismuth  and  co- 
balt. When  digested  upon  the  oxides  of  mercury,  lead  or  man- 
ganese, it  is  decomposed,  water  formed  and  azotic  gas  emil- 
ted.  It  combines  readily  with  the  peroxides  of  gold  and  silvcTi 
apd  forms  two  remarkable  compounds  known  by  the  uan^es 
o(  fulminating  gold  and  silver. 

Fulminating  gold  may  be  obtained  by  dissolving  gold  in 
aqua  regia,  and  precipitating  it  by  ammonia.  A  yellow  pre- 
cipitate falls  which  is  to  be  washed  and  dried.  It  is  fulmi- 
nating gold.  It  is  composed  of  five  parts  yellow  oxide  of 
gold,  and  one  part  of  ammonia.  It  fulminates  violently 
when  heated  to  the  temperature  of  about  300°  or  400**,  also 
when  struck  violently  with  a  hammer,  or  when  triturated  in  s 
mortar.     Water  is  formed  and  azotic  gas  emitted. 

Fulminating  silver  was  dbcovered  by  Berthollet.  It  vaxf 
he  prepared  by  dissolving  silver  in  nitric  acid,  precipitating 
by  lime-water,  drying  the  precipitate  in  a  filter,  and  thai 
keeping  it  for  tMi^elve  hours  in  liquid  ammonia.  Its  tendency 
to  explode  is  so  strong,  that  it  is  dangerous  to  prepare  it  ex- 
cept in  small  quantities. 

If  a  globule  of  mercury  be  put  into  a  hollow  in  a  moisten- 
ed piece  of  sal  ammoniac,  and  exposed  to  the  energy  of  a 
powerful  galvanic  battery,  it  increases  in  bulk  and  acquires 
the  consistency  of  butter.  Its  specific  gravity  is  reduced  to 
3.    Xbe  mercuiy  has  obviously  amalgamated  with  some  me- 
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tallic  body.  If  this  amalgam  be  thrown  into  water,  the  mer- 
cury resumes  its  original  state,  a  little  hydiogeii  gas  is  exha- 
led, and  the  water  ia  impregnated  with  a  weak  solution  of 
amnionia.  Hence  it  would  appear  that  the  amalgamating 
metul  is  the  basis  of  ammonia;  that  it  decomposes  water, 
emits  the  hydrogen,  and  retains  the  oxygen ;  and  that,  by  this 
combination,  it  is  converted  into  ammonia.  Thi§  unknown 
metallic  basis  of  ammonia  has  been  called  ammonium.  It 
follows,  from  the  preceding  experiment,  that  ammonia  con- 
tains oxygen.  Yet  its  presence  cannot  be  detected  by  expe- 
riment. It  is  said  diat  Mr  Davy  has  lately  got  over  this  ap- 
parent inconsistency,  by  ascertaining  that  atoCe  is  a  compound 
of  oxygen  and  hydrogen.  If  so,  hydrogen  in  its  pure  slate 
B  metal. 


OF  FIXED  ALKALIES. 
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The  fixed  alkalies  are  not  gaseous.    They  may  be  exbitiit 
ed  pure  in  a  solid  state.     Two  fixed  alkalies  only  are  ei  pre- 
it  known  ;  namely,  potash  and  soda. 


Sect.  I.     Of  Potash. 


Potash,  called  also  vegetable  alkali,  is  obtained  from  the 
aAes  of  trees  and  of  vegetables  that  grow  at  a  distance  from 
the  sea-shore.  These  ashes  are  lixiviated  with  water,  the 
water  evaporated  to  dryness ;  the  residual  salt  mixed  with 
twice  its  weight  of  tjulck-lime,  and  a  sufficient  quantity  of  wa- 
ter to  make  the  whole  into  a  tliin  paste.  The  water  is  drawn 
off  in  'JA  hours,  boiled  to  dr)iiesa  in  a  clean  iron  pot,  and 
len  mixed  with  a  quantity  of  alcohol  equal  in  weight  to  half 
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the  or^nal  salt  Hie  alcdiolic  scluAon,  after  standing  aom 
days  in  well  closed  phialsy  is  decanted  off,  and  the  alc<M 
distilled  awaj  in  a  silver  stiU.  The  substance  which  reaum 
bdiind  is  pure  potash.  ^ 

Potash  is  a  brittle  subsUuice  of  a  white  colour^  tad  t 
smiiU  like  that  which  is  perceived  during  the  slacking  e( 
qiMck4ime«  Its  taste  is  extremely  acrid  and  it  is  very  Gorro* 
ske^  destroying  the  texture  of  nKMt  animal  and  vegetabb 
bodies  to  which  it  is  applied.     Its  specific  gravity  is  1*7085. 

When  heated  it  melts.  At  a  red  heat  it  evaporates  int 
white  acrid  smoke. 

It  contains  about  one-fourth  of  its  weight  of  vrater^  eip 
after  being  exposed  to  a  red  heat     When  exposed  to  the  m 
it  speedily  absorbs  moisture  and  runs  into  a  liquid.     Jj^  tfas' 
same  time  it  combines  with  carbonic  acid,  for  which  it  has  a 
strong  affinity. 

Water  dissolves  twice  its  weight  of  potash.  The  solution 
is  limpid  and  colourless,  and  almost  of  the  consistency  of  an 
oil.  It  is  in  ^is  state  that  potash  is  commonly  used  by  che- 
mists. When  evaporated  to  the  proper  consistency,  the  pot- 
sidk  crystallizes. 

2. '  Potash  does  not  combine  with  oxygen,  nor  with  any  of 
the  simple  combustibles  except  sulphur.  The  combiiation 
takes  place  by  simple  trituration  of  the  two  substances  in  a 
mortar,  or  by  fusing  them  in  a  ciiicible.  '^This  compound  b 
called  mlphuret  of  potash.  It  was  formerly  distinguished  by 
the  name  of  kepUr  sutphuru,  or  liver  ofsidpkur.  Its  colour 
18  brown ;  it  is  hard,  brittle^  uid  has  a  glassy  fi^acture.  Its 
taste  is  acrid  akid  bitter,  and  it  leaves  a  brown  stain  on  the 
skin.  It  convwts  vegetable  blues  to  green  and  soon  destroys 
them.  When  exposed  to  the  air  it  acquires  a  green  coloiir 
and  ennts  the  smell  of  sulphureted  hydrogen.  In  this  state 
it  18  a  triple  compound,  being  composed  of  sulphur,  potash 
uhI  sulphnieted  hydrogeo.   The  last  aq;redieiit  is  formed  bjr 
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the  decomposition  of  the  water  absorbed  from  the  atmo- 
■phere.  It  dissolves  in  water  and  forms  a  greeni^  yellow 
I.  In  this  state  it  is  called  h^drogureted  suipknret  of' 
.gotaik. 

When  liquid  potash  and  phosphorus  are  heated  in  a  retort, 
ater  is  decomposed  and  phosphiireted  hi/drogcn  gas  ia  form- 
1  and  conies  over.  Tiivi  gas  possesses  the  curious  proper- 
'  of  taking  tire  when  it  comes  in  contact  with  the  air. 

3.  Potash  does  not  unite  with  azute;  but  it  cuuibines  with 
luriatic  acid,  and  forms  the  salt  culled  muriate  of  potash. 

4.  Several  of  the  metals,  when  kept  in  liquid  potash,  are 
udized,  water  being  decomposed,  'llus  b  the  cose  wilh 
DD,  zinc  and  molybdenum,  and  probably  also  with  tin  and 

anese. 
Pota&b  dissolves  the  oxidi^s  of  lead,  tin,  nickel,  arsenic,  co- 
ilt,  manganese,  zinc,  anluuony,  tellurium,  tungsten,  niolyb^ 
enuni. 
Mr  Davy  has  lately  succeeded  in  decomposing  potash,  and 
ifibowuig  that  it  IS  a  compound  ot  oxygen  and  a  peculiar 
IDCtal,  to  which  he  has  given  the  name  of  i>utassiitm.  I'he 
decomposition  was  accomplished  by  cspotiiiig  potash  to  die 
action  of  the  galvanic  buttery.  lUe  metallic  base  separated 
at  the  negative  extremity  while  oxygen  was  evolved  at  the 
other.  Mure  lately,  Theuard  and  Gay-Lussac  have  ascer- 
tained that  potash  is  decomposed  and  potassium  obtained 
vhen  it  is  made  to  come  in  cunlact  with  u'oii  turnings  heated 
to  whiteness  in  a  gim-barrcl. 

Fotassiuin,  the  base  of  potash,  possesses  the  following  pro- 
rtiea.  It  is  white  like  mercury.  At  /jo",  it  is  a  soft  mal- 
leable solid,  which  becomes  imperfectly  In^uid  at  GU",  and 
perfectly  so  at  100°.  While  at  M",  it  is  hard,  brittle  and 
crystallized  in  facets.  It  is  not  only  lighter  than  watev,  but 
lighter  than  any  known  bijuid.  Its  specihc  gravity  dues  not  i 
O'G.  Its  af&iity  fur  oxygen  is  very  great.  In  I 
H  4 
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open  air  it  is  covered  with  a  crust  of  potash  iti  a  few  minutes. 
When  thrown  upon  water  it  decomposes  that  liquid  with  ne 
pidity^  hydrogen  gas  holdii^  potassium  in  solution  is  disen- 
gaged and  takes  fire^  which  occasions  the  combustion  of  the 
whole  potassium. 

When  heated  in  a  small  quantity  of  oxygen  gas  it  loses  its 
.  metallic  appearance  and  assumes  a  reddish  brown  colour.   In 
this  state  it  may  be  considered  as  a  protoxide  of  potassium. 
I    Oxymuriatic  acid  sets  potassium  on  fire  and  converts  it  in- 
to muriate  of  potash. 

It  combines  with  phosphorus  and  forms  a  phosphnret 
which  has  the  colour  of  lead^  and  remains  solid  xtt  a  heat 
little  short  of  that  of  boiling  water.  In  the  open  air  it  bums 
and  is  converted  into  phosphate  of  potash, 
i/  It  combines  rapidly  with  sulphur  by  heat,  and  heat  and 
light  are  emitted  at  the  moment  of  combination.  The  sul- 
phurel  has  a  grey  colour,  and,  in  the  open  air,  is  soon  con- 
verted into  sulphate  of  potash. 

It  combines  and  forms  alloys  with  all  the  metals  tried,  but 
these  alloys  are  soon  destroyed  in  the  open  air  or  in  water^ 
and  the  potassium  converted  in  potash. 

Potash,  according  to  the  experiments  of  Mr  Davy,  is 
composed  of  about  86  potassium. 

14  oxygen. 
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Sect.il    Of  Soda. 

Soda,  called  bIso  fossil  or  mineral  alkali^  is  found  in  large 
quantities  ready  formed  in  the  earth.  It  may  be  obtained  al- 
so from  the  ashes  of  die  different  species  of  salsola  an(}  other' 
marine  plants.  -The  process  is  the  same  as  that  for  procuring 
potash. 


n  pore  it  has  a  very  strong  resemblance  to  potash  in 
It  of  its  properties. 
Its  colour  is  grejiih  white,  and  it  agrees  with  potash  in  its 
taste,  smell  and  action  on  animul  bodies.   Its  specific  gravity 
b  I -356. 

Heat  produces  the  same  effects  on  it  as  on  potash.  In  the 
open  air  it  absorbs  tvaier  and  carbonic  acid,  but  it  does  nut 
become  li<inid  as  potash  does.  After  assuming  the  state  of  a 
paste  it  soon  dries  again  aiid  crumbles  to  powder. 

It  dissolves  in  water  like  potash,  and  may  be  obtained 
crystallized.  The  action  of  oxj^n,  of  the  simple  combus- 
tibles and  tncoRibustibles,  is  idmilar  to  their  action  on  pot- 
The  same  remark  applies  to   the  metals  and  their 

iS. 

Itlie  potash,  it  is  a  compound  of  o:iygen  and  a  pcculiur 
o  which  Mr  Davy,  the  discoverer,  has  given  die  name 
m.  It  may  be  decomposed  precisely  in  the  same 
kss  potash. 
idium  is  a  wliite  metal  like  silver,  solid,  but  very  malle- 
;,  and  so  soft  that  pieces  may  be  welded  together  by  strong 
pressure.  At  120"  it  begins  to  melt,  and  is  completely  Huid 
at  ISO".  Il  is  not  volatilized  iu  a  red  heat  strong  enough  to 
melt  plate-glass.  It  conducts  electricity  and  heat  in  the  same 
manner  as  potassium.     Its  specific  gravity  is  0'9348. 

Its  affinity  for  oxygen  is  similar  to  tliat  of  potassium. 
W  hen  exposed  to  the  air  it  is  soon  covered  with  a  crust  of 
soda,  but  as  that  alkali  does  not  deliquesce,  tlie  nucleus  is  not  so 
soon  destroyed  as  hiippens  to  potassium.  Hydrogen  gas  does 
not  dissolve  it.  Hence  no  combustion  takes  place  when  so- 
dium b  thrown  upon  water,  though  it  rapidly  decomposes 
that  liquid. 

When  fused  with  dry  soda  in  certain  quantities,  tliere  is  a 
division  of  oxygeQ  belweiai  the  soda  and  the  base,  and  » 
rotoxide  of  sodium  is  formed  of  %  deep  brown  colour. 
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It  bunit  like  potassiiiBi  ia  oxymuriatic  acid.  It  eomkiKS 
with  phosphorus^  sulphur  and  the  metals  like  pntiwriiwi. 
From  the  expmmeoto  of  Mr  SHvy,  it  appeiu«  ibal  «oAl  ii 
composed  of 

Sodium    78 

Oxygen    2d 
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Chap.  III. 

I 

OF  THE  ALKALINE  EAKTHS. 

Thp  term  eartk  in  chemiBtry  is  aj^lied  to  ajU  nftlifitMMifir 
posseasiog  ike  fallowing  properties. 

1.  Insoluble  in  water,  or  at  least  becoming  impifWt 
when  combined  with  carbonic  acid. 

2.  Little  or  no  taste  or  smell ;  at  least  when  c^mUned 
with  carbonic  acid. 

3.  Fixed,  incombustiblei  and  iucapublei  when  pun^  tf 
being  altered  by  the  fire. 

4*  A  specific  gravity  not  exceeding  4*9* 

5.  When  pure,  capable  of  assuming  the  form  of  a  whili 
powder. 

6.  Not  altered  when  heated  with  combustibles. 

The  earths  have  been  divided  luto  two  classes,  namely,  «i- 
kaline  earths  and  earths  proper.    The  aikaiipe  are  four  ia 
/  number ;  namely,  lime,  magimia,  barges  and  stroniiaH* 

Sect.  I.     Of  Lime. 

lime  has  been  known  firom  the  remotest  ages.    It  abounds 
in  every  part  of  the  eardi^  coi^titutmg  immi^ise  ranges  oi 
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rocks  and  mouiitajiis.  It  may  be  obtained  by  burmiig  those 
crystajJized  limestonea  called  calcareotis  span,  or  certain 
white  marbles.  Oyster  shelb,  also,  when  burat,  yield  it 
nearly  pure. 

Pure  lime  is  white,  moderately  hard,  but  easily  reduced  to 
powder.  Its  taste  is  acrid  like  that  of  the  fixed  alkalies,  aiu) 
it  ill  some  measure  corrodes  those  aiumal  bodies  to  which  it 
is  applied.  Its  specilic  gravity  is  23.  It  tinges  vegetable 
blues  green,  and  at  last  renders  tbetn  yellow.  It  does  not 
melt  in  the  most  violent  heat  that  can  be  applied. 

When  water  is  poured  upon  it  the  lime  swells  and  falls  to 
pieces,  and  so  much  heat  is  evolved  as  to  evaporate  a  portion 
of  the  Mater,  and  even  to  set  fire  to  combustible  substances 
with  which  it  happens  to  be  in  contact.  This  process  is 
called  slacking  the  lime.  A  portion  of  tlie  water  combines 
witl)  the  lime  and  becomes  solid.  Hence  the  cause  of  the 
heat  evolved.  Slacked  lime  b  composed  of  3  parts  lime  and 
1  water.     It  has  been  called  hi/drate  of  lime. 

The  diAerence  between  limestone  and  lime  was  first  ascer' 
tained  by  Dr  Black.  Limestone  is  Ume  combined  with  car- 
bonk  acid.  By  burning  it  the  carbonic  acid  is  ^iven  off 
and  the  pure  lime  remains. 

When  hme  is  exposed  to  the  open  air  it  gradually  attracts 
mouture,  falls  to  powder,  and,  becoming  satuiated  with  car- 
bonic acid,  soon  resumes  its  origmiil  state  of  limestone. 

Water  dissolves  less  than  O-UO'i  parts  of  its  weight  of  lime. 
The  solution  is  calkd  lime-water.  It  is  limpid,  has  an  acrid 
t&ste,  and  changes  vegetable  blues  to  green.  ^Vhcll  exposod 
to  the  air,  the  Ume  soon  combines  with  carbonk  acid  and 
precipitates,  leaving  the  water  pure. 

LJme  is  not  acted  on  by  oxygen.  Sulphur  and  phospho- 
rus are  llie  only  two  simple  combustibles  that  unite  with  it. 

Sulphuret  of  luiie  may  he  formed  by  mixing  its  two  con- 
Witucnta  together  and  heating  them  in  a  crucible.    Hie  moss 
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has  a  reddish  colour.  In  the  air  it  becomes  greeiiish  yellow, 
sulphureted  hydrogeu  b  formed^  and  the  mass  is  converted  in- 
to hydrogureted  sulphuret  of  lime,  '^Diis  last  compound  may 
be  formed  by  boiling  a  mixture  of  sulphur  and  lime  in  about 
ten  times  its  we^ht  of  water.  The  solution  has  a  yellow  co- 
lour, and  is  used  for  absorbing  oxygen  from  air. 

Phosphuret  of  lime  may  be  formed  by  passing  {AosfAo- 
rus  through^red-hot  lime  in  a  glass  tube.  It  has  a  deep  brown 
colour,  and  fedls  to  powder  in  the  air.  When  thrown  into 
water,  bubbles  of  phosphureted  hydrogen  gas  are  eniitted^ 
which  take  fire  as  they  separate  from  the  liquid. 

lime  does  not  unite  with  azote,  but  it  combines  with  mu- 
riatic acid,  and  forms  a  salt  called  muriate  of  lime. 

lime  feuulitates  the  oxidizemeut  of  ^several  of  die  nietak. 
It  dissolves  some  metallic  oxides,  as  those  of  mercury  aod 
lead. 

It  does  not  unite  with  the  alkalies. 

Mr  Davy  has  lately  ascertained  that  lime,  like  the  fixed 
alkalies,  is  a  compound  of  oxygen  and  a  peculiar  metal,  to 
which  he  has  given  the  name  of  calcium.  He  decomposed 
lime  by  ^posing  a  mixture  of  moistened  lime  and  red  oxide 
of  mercury  to  the  action  of  a  galvanic  battery.  A  globule 
of  mercury  was  placed  in  the  middle  of  the  mixture.  The 
lime  was  decomposed,  and  its  base  united  with  the  mercuiy 
and  formed  an  amalg^.  The  mercury  was  distilled  off  in 
glass  tubes  filled  with  the  vapour  of  naphtha,  and  the  calcium 
remained  behind. 

Calcium  is  white  like  silver,  solid,  and  four  or  five  timet 
heavier  than  water.  When  heated  it  burns  brilliantly,  and 
quick-lime  is  produced 
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Sect.  II.     Of  Magnesia. 

Magnesia  was  discovered  about  the  beginning  of  the  ISdi 
century  by  a  Boman  canou.  But  little  was  known  about  its 
nature  till  Dr  Black  made  his  celebrated  experiments  on  it 
in  nS5. 

It  may  he  procured  from  the  salt  called  sulphate  of  mag" 
nesiuj  or  epsom  salt,  by  dissolving  the  salt  in  water  and  pour- 
ing potash  into  the  solution.  A  white  matter  falls;  when 
washed  and  dried  it  is  pure  magnesia. 

Mi^nesia  is  a  very  soft  light  powder^  with  very  little  taste 
and  destitute  of  smell.  Its  specific  gravity  is  2*3.  It  tinges 
vegetable  blues  green.  It  does  not  melt  in  the  strongest  heat 
that  can  be  i^ised. 

It  is  not  sensibly  soluble  in  water,  and  has  never  been  ex. 
hibited  in  a  crystallized  form.  When  exposed  to  the*air  it 
attracts  carbonic  acid  very  slowly. 

It  does  not  combine  with  oxygen  nor  with  any  of  the  simple 
combustibles  except  sulphur.  The  sulphuret  of  magnesia 
may  be  formed  by  mixing  the  two  constituents  and  exposing 
it  to  a  moderate  heat.  The  result  is  a  yellow  powder  slightly 
agglutinated. 

It  does  not  combine  with  azote,  but  unites  with  muriatie 
acid,  and  forms  the  salt  called  muriate  of  magnesia. 

It  lias  no  action  on  the  metals,  nor  is  it  known  to  combine 
with  any  of  their  oxides.  Neither  does  it  unite  with  the  fix- 
ed alkalies  or  with  lime. 

Mr  Davy  succeeded  in  decomposing  magnesia  by  the  same 
process  that  fumislied  him  with  ilie  base  of  lime.  Like  lime 
it  is  composed  of  oxygen  and  a  metal,  to  which  the  name  of 
magninm  has  been  given.  This  metal  is  white,  sinks  rapidly 
in  water,  absorbs  oxygen  when  exposed  to  the  air,  aud  is 
converted  into  magnesia.    It  decomposes  water,  but  not  near- 
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ly  80  rapidly  as  the  other  alkaline  metals,  owing  doubtless  to 
the  insolubility  of  magnesia. 

^-     Sect.  HI.    Of  Barytes. 

Baiytes  was  discovered  by  Scheele  in  1774.  It  is  vmaScj 
obtained  from  a  heavy  foliated  brittle  mineral,  pretty  com- 
moo,  and  called  ponderous  qmr  or  sulphate  of  barytes.  TUi 
mineral  is  mixed  with  charcoal  powder  and  exposed  to  t 
strong  heat  in  a  crucible.  It  is  then  dissolved  in  water  and 
saturated  with  nitric  acid.  The  liquid,  filtered  and  evapon- 
ted,  yields  crystals,  which  being  exposed  to  a  strong  hflgt  ia 
a  cmciblei  leave  behind  them  an  earthy  matter,  which  is 
barytes. 

Barytes  thus  obtained  is  a  greyish  white  porous  body,  and 
may  be  easily  reduced  to  powder.  Its  taste  is  more  caustic 
dian*that  of  lime,  and  when  swallowed  it  acts  as  a  violent 
poison.  Its  specific  gravity  is  2*374.  When  water  is  pour- 
ed on  it  beat  is  evolved,  and  the  barytes  is  slacked  precisely 
as  happens  to  Ume.  By  this  means  it  combines  witli  wsler, 
and  is  converted  into  hydrate  of  barytes* 

Water  dissdives  about  0*05  of  its  weight  of  barytea.  The 
solution  has  an  acrid  taste  and  Unges  vegetable  Uaes  green. 
Boiling  water  dissolves  more  than  half  its  w^ght  of  barytes. 
As  the  solution  cools^  the  barytes  precipitates  in  ciyatalsb 

Baiy  tes  does  not  combine  with  oxygen,  nor  with  any  df  the 
simple  combustibles  except  sulphur  and  pbosjAorus.  The 
sulphuret  and  phosphuret  of  barytes  may  be  formed  predso- 
ly  in  the  same  way  as  those  of  lime,  which  they  resemble  in 
Most  of  tfieir  properties. 

Barytes  is  not  acted  on  by  azote,  butit  combines  with  mu- 
liaftic  acid,  and  forms  the  salt  called  tnuriaie  of  barytes. 

Barytes  has  no  action  on  the  metals,  but  it  combines  with 
aome  of  the  metallic  oxides,  and  forms  compounds  hitherto 
scarcely  examined. 
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It  doea  not  combine  willi  the  alkalies,  aur  lias  it  mucU  ac- 
tion upou  Ume  or  rndgnesia. 

Mr  Davy  has  shown  that  barjles,  like  the  preceding  earths^ 
it  ft  laetallic  oxide,  being  coin[>osed  of  o\ygeii  and  a  metal  to 
which  the  name  of  barium  lias  been  given.  The  fmriiim  was 
obtained  b)  Uiv  same  process  aa  that  which  furnished  bini  the 
baaes  of  lime  and  mngiiesia.  It  is  a  wliite  solid  metal,  melts 
at  a  heat  below  redness,  and  is  not  volatilized  at  the  tempe- 
rature capable  of  laeltiiig  plate  glass.  It  is  at  least  four  or 
five  times  heavier  tlian  water.  It  decomposes  that  liquid 
with  grtat  ra[Hdilv,  and  is  converted  into  barytea.  ft  under- 
goes lite  KUiie  change  when  expoeed  to  the  open  air. 


krCn 
■Etatigal 
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Sect.  IV.     Of  Slroiitlan. 

Strontian  was  first  discovered  in  the  lead  mine  at  Slrontian 
Ai^ledurc-  It  was  suspected  to  be  a  peculiar  earth  by 
Crawford  in  1790,  and  its  properties  were  soon  after  in- 
ited  by  I)r  Hope.  Klaproth  and  Kirwan  also  ascer- 
tuiied  its  peculiarity.  It  is  found  sometimes  combined  with 
carbonic  acid,  sometimes  with  sulphuric  acid.  From  the  first 
compound  it  may  be  obtained  by  making  the  mineral  into  a 
ball  will)  charcoal  powder  and  exposing  it  to  a  violent  heat, 
and  from  the  second  by  treating  it  precisely  in  the  way  de- 
scribed in  the  last  section  for  obtainii^  barytes. 

Strontian  thus  obtained  is  a  porous  mass  of  a  greyish  white 
colour.  Its  taste  is  acrid  and  alkaline,  and  it  changes  vege- 
table blues  to  green.  Its  specilic  gravity  is  1-64?.  It  is  not 
poisuHous. 

VVlien  water  is  thrown  upon  it,  tlie  strontian  becomes  hot, 
combines  with  water,  and  is  ilacked  like  quick-lime.  It  ia 
soluble  in  water,  \&i,  parts  of  diat  liquid  taking  up  one  part 
of  strontiau.  Hot  water  distiolves  a  much  larger  quantily, 
ytul  the  strouUao  crystallises  as  the  soUitiou  cools. 
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Strontian  does  not  combine  with  oxygen.  The  onlysimpfe 
combustibles  that  unite  with  it  are  sulphur  and  phosphditts. 
The  sulphuret  and  phosphuret  of  strontian  may  be  formed 
precisely  as  the  same  compounds  of  lime^  and  possess  nearff 
similar  properties. 

Strontian  does  not  combine  with  azote^  but  it  mutes '^^ 
muriatic  acid^  and  forms  the  salt  called  muriate  of  -stronliut 

It  has  no  action  on  the  metals,  but  it  combines  with  sdirie 
of  the  metallic  oxides.  It  does  not  umte  widi  die  alkaH^ 
nor  with  the  other  alkaline  earths.  *^     ' 

It  tinges  flame  of  a  beautiful  red  colour.  The  experiiliM 
may  be  made  by  setting  fire  to  paper  dipt  in  an  alooh^CH^ 
lution  of  muriate  of  strontian.   ' 

Mr  Davy  has  ascertained  Aat  strontian,  like  the  bdier  al- 
kaline earths,  is  composed  of  oxygen  and  a  peculiar  metsl| 
to  which  he  has  given  the  name  of  strontium.  This  mttii 
bears  a  close  resemblance  to  barium  m  its  properties. 
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The  earths  proper  neidier  neutralize  acids  nor  produce 
any  change  on  vegetable  blues.  They  are  five  in  number; 
namely,  alumina,  yttria,  glucina,  zircania,  silica. 

Sect.  I.     Of  Alumina, 

Alumina  may  be  obtauied  from  the  salt  called  alum  by 
the  following  process.  Dissolve  alum  in  water,  pour  amkno- 
nia  into  the  solution.  A  precipitate  appears,  separate  tfab 
precipitate  and  wash  it.  Then  boil  it  in  liquid  potash  till  the 
%vhole  is  dissolved.    Pour  a  solution  of  sal  anmioniac  mtm 


this  liquid,  a  white  matter  precipitates,  which,  when  waehed 
and  dried,  i*  pure  alumina. 

Alumina  in  s  white  mutter  in  powder.     It  has  no  taste, 
•nd  whra  pure  no  smelt.     Its  specific  y;ravity  is  S-000. 

When  heat  is  applied  to  alumina,  it  gradually  loses  weight 
in  consequence  of  the  evaporation  of  moisture.  At  the  same 
time  its  bulk  is  diminished.  Alumina  undergoes  a  diminu- 
tioD  of  bulk  proportional  to  the  heat  to  which  it  is  exposed. 
Mr  Wedgewood  took  advantage  of  this  propertj  to  cuiitrive 
an  instrument  for  measuring  high  temperatures.  It  consists 
of  pieces  of  clay  of  a  determinate  size,  and  an  apparatus  for 
sufing  iheir  bulk  with  accuracy.  One  of  thetie  pieces  is 
d  to  the  heat,  and  the  temperature  is  judged  of  by  the 
r^^mtractiuu.  'I'hia  contraction  is  measured  by  means  of  two 
brans  rules  fixed  to  a  plate.  The  disiuuce  between  them  at 
one  extremity  is  O'j  inch,  and  at  die  udier  extremity  0*3 
inch.  These  rules  are  'H  Uiches  long,  and  divided  mio  240 
equal  pacts,  called  degrees.  These  degrees  commence  at  the 
wide  end  of  the  scale.  The  first  corresponds  with  y47°  of 
Fahi'eiJicit,  or  a  red  heat. 

Alumina  is  not  soluble  in  water,  though  it  has  a  strong  af- 
finity* for  that  liquid.     It  may  be  knedded  with  it  into  a  very 
ductile  paste  possesiicd  of  a  good  deal  of  tenacity.      Clay 
^nUMfl  its  ductlhty  to  the  alumina  wliich  it  contams.     It  retains 
HEimlcr  with  more  obstinacy  than  any  of  the  other  earths. 
^^     Alumina  has  no  effect  upon  vegetable  bluea.     It  caiiuoi  be 
crystaUi^d  artificially,  but  it  is  found  native  in  beantifu) 
crystals,  constituting  die  precious  stone  called  sapphyr. 
^        It  neither  combines  with  oxygen,  nor  with  any  of  the  simple 
^B^ni  b>  I  d  (ibles . 

H^    Azote  has  no  action  on  it ;  but  muriatic  acid  unites  with 
it,  and  forms  the  salt  called  muriate  of  alumina. 

It  does  not  unite  with  the  metals,  but  il  has  an  affinity  for 
several  nietaUic  peroxides. 
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The  fixed  alkalies  dissolve  it  readily  when  they  are  in  i 
state  of  solution  in  water ;  but  they  do  not  melt  with  it  wbea 
heated  in  a  crucible.  Barytc^  and  strootiau  combine  with  alu- 
mina^ both  when  heated  with  it  in  a  crucible  and  when  boikd 
with  it  in  water.  It  has  a  strong  affinity  for  lime^  and  easily 
melts  with  it  when  it  exceeds  the  lime  in  quanlky.  But 
when  the  lime  exceeds^  fusion  does  not  take  place.  Mag- 
nesia and  alumina  have  no  action  on  each  other. 

It  is  probable  that  alumina,  like  the  alkaline  saks,  is  a  me- 
tallic oxide.  This  Botion  was  entertained  long  ago  by  che- 
mists. Davy  aideavoured  to  obtain  the  metallic  bask  by 
means  of  galvanism,  but  did  not  succeed.  Though  he  has 
rendered  it  probable  that  a  metal  exists  in  it.  To  tha  BKtuf 
he  proposes  to  give  the  name  of  alumium. 

Sect.  II.     Of  Yttria. 

This  earth  was  discovered  by  Gadoline  in  a  Swedish  mh 
neral  of  a  black  colour,  to  which  the.  name  Gradolimfee  hm 
been  given.  To  obtain  it,  the  mineral  is  reduced  to  powder^ 
dissolved  in  nitro-muriatic  acid,  filtered,  evaporated  to  dryness, 
re-dissolved,  filtered,  evaporated  to  dryness,  the  residual  sail 
is  heated  to  redness,  re-dissolved  in  water,  and  ammoniii 
poured  into  the  solation.  A  white  powder  falls^  whidn  is 
yttria. 

.Yttria,  thus  procured,  b  a  fine  white  powder  witboiirt  taste 
or  n»dl.     It  has  no  action  on  v^etable  blues.     Heat  doe%  • 
not  melt  iL    Its  specific  gravity  is  4*842. 

It  is  insoluble  in  water,  but,  like  alumina,  it  retains  m 
portion  of  that  liquid,  though  not  with  so  much  obstinacy. 

It  is  insoluble  in  the  liquid  fixed  alkalies ;  but  it  dissolve^ 
in  carbonate  of  ammonia,  and  in  all  the  other  ^alme  c%|- 
bonates. 
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It  does  not  combine  with  osygen,  ftie  aimpls  combustibles 
or  azote,  but  Avilh  miiriatic  acid  it  forms  the  salt  callefl  mu- 
riatt  of^tria. 

According  to  Ekeberg,  wh«n  jttvia  is  treated  -m^  muriatic 

Bd<J,  a  qaantity  of  oxvmuriatic  acid  is  fonired.    •  If  so,  it 

must  containoxygen,  and  of  course  be  a  metallic  oxide.     Tlie 

opinion  is  probable,  though  no  attempts  have  been  made  to 

^decompose  jttria  by  mems  or  galvanism. 

^Br  Sect.  III.     QJ' (ilitcina. 

Glucina  was  discovered  by  Vauqiielin  in  the  two  minerals 
called  beryl  and  emerald.    They  are  pounded  and  fused  with 
^^^rice  their  weight  of  potash.    The  mass  is  dissolved  in  mu- 
^Hktic  acid  and  the  sulution  evaporated  to  dryness.    The  resi- 
^Huum  ia  digested  in  water  and  thrown  upon  the  61ter.    The 
^Tqnid  whicli  passes  through  is  mixed  with  carbonate  of  pot- 
arfi,  and  the  precipitate  dissolved' in  .sulphuric  acid.-    Sul- 
phate of  potash  being  added  to  the  solution,  it  is  laid  aside 
for  some  time.     Alum  crystals  gradually  form.     When  no 
ntore  appear,  filter  the  liquid,  add  carbonate  of  ammonia  in 
excess,  filttr  again  and  bolt  the  liquid  Tor  some  time.     A 
while  powder  precipitates,  which  is  glucina. 

Glucina  is  a  soft  white  powder,  without  either  taste  or 
•meil.  It  adheres  strongly  to  the  tongue,  produces  no  change 
on  vegetable  blues,  does  not  melt  when  heated,  and  does  not 
harden  and  contract  like  alumina.  *  Its  specific  gravity  is 
2-9(6.  It  is  insoluble  in  water,  bnt  forms  with  it  a  past« 
having  some  ductility. 

It  does  not  combine  with  oxygen,  nor  with  Ae  simple 
iombustibles  or  ai:ote ;  but  with  muriatic  acid  it  forms  the 
■It  called  inimale  of  glucina. 
\\  is  soluble  iu  the  liquid  fixed  alkalies,  like  alumina;  i» 
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insoluble  in  ammoniai  but^like  yttria^  soluble  in  carbonate  o{ 
ammonia. 

Mr  Davy  has  rendered  it  probable  that  it  is  a  metallic 
peroxide.  To  the  metallic  basis  he  proposes  to  give  the 
juone  otgluchm* 


Sect.  IV.    Qf  Zirconia. 

Zircooia  was  discovered  by  Klaproth  in  the  two  minerab 
csMed  Jargon  or  zircon,  and  hyacinth.  Fuse  the  pounded 
mineral  with  thrice  its  v^^ht  of  potadi.  Wash  the  mass  in 
pure  water  till  the  whole  of  the  potash  is  extracted ;  then  cEs- 
solve  the  residuum  as  far  as  possible  in  muriatic  acid.  Bo3 
the  solution^  filter  and  add  a  4iuantity  of  potash.  The  zirco* 
ma  precipitates  in  the  state  of  a  fine  powder. 

Zirconia  is  a  white  powder  with  a  harsh  feel.  It  has  nei- 
ther t^te  nor  odour,  infusible  before  the  blowpipe,  but  when 
violently  heated,  acquires  the  appearance  of  porcelain.  In 
this  jstate  it  is.  hard,  and  its  specific  gravity  is  4*3.  It  is  inso- 
luble in  water,  but,  when  precipitated  firom  a  solution  and 
dried  slowly^  it  retains  water  and  assumes  th^  appearance  of 
gum  arabic. 

It  does  not  combine  with  oxygen,  ttmple  combustibles, 
azote,  nor  metak.  But  it  has  an  affinity  for  several  metallic 
oxides. 

It  is  insoluble  in  lifittd  alkalies  and  infusible  with  them ; 
but  it  is  soluble  in  alkaline  carbtmates. 

Mr  Davy  has  made  it  probable  that  it  is  a  metallic  per- 
oxide. To  the  metallic  basis  he  proposes  to  give  the  name 
•f  zircomum. 
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Sect.  V.     Of  Silica. 

The  minerals  called  quartz,  rock-cry stal^'fiitdy^c,  consiA 
almost  entirely  of  this  earth.  It  may  be  obtained  in  the 
following  manner.  Melt  in  f  crucible  a  mixture  of  one  part 
quartz  powder  and  three  parts  potash.  Dissolve  the  mass  in 
muriatic  acid,  and  evaporate  to  dryness.  Towards  the  end 
of  the  evaporation,  the  liquid  assumes  the  form  of  a  jelly. 
Wash  the  residue  in  water  and  dry  it. 

'  Silica  thus  obtained  is  a  fine  white  powder  with  a  harsh 
feel,  and  without  either  taste  or  smell.  Its  specific  gravity 
is  £'66.  It  has  no  effect  on  vegetable  colours,  is  insoluble  in 
water,  and  infusible  by  the  heat  of  our  furnaces.  It  does 
not  form  a  ductile  paste  with  water  like  alumina.  It  is  found 
native  crystallized,  most  commonly  in  hexagonal  prisms,  ter- 
minated by  six-isided  pyramids. 

It  does  not  combine  with  oxygen,  the  simple  combustibles^ 
simple  incombustibles,  or  the  metals.  It  may  be  fused  with 
sevend  of  the  metallic  oxides. 

The  fixed  alkalies  may  be  fused  with  it  into  glass.  Am- 
Inoaia  has  no  action  on  it.  It  may  be  combined  with  bary* 
tea^  stFontian,  lime  and  magnesia  by  heat.  There  is  a  strong 
affinity  between  it  and  aluniiha. 

Mr  Davy  has  rendered  it  probable  that  silica,  like  the 
odier  earths,  is  a  metallic  peroxide.  To  the  metallic  basis 
of  it  he  proposes  to  give  the  name  of  siUcium. 
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DIVISION 'II. 
OF  PRIMARY  COMPOUNDS. , 

llie  only  primary  compounds  that  can  be  at  present  placed 
under  this  division^  may  be  arranged  under  llie  foUow]|i|p 
heads.     1.  Oxides;  2.  Acids;  3.  Compound  combuidl>lei. 


Chap.  I.  n 

.  '  OF  OXlD£S. 

Many  bodies,  as  we  have  seen  already,  are  capable  of 
combining  with  oxygen.  Now  the  compounds  ii|to  yMdt 
oxygen  enters  are  of  two  kinds.  They  either  possess  the 
properties  of  acids,  or  they  are  destitute  of  these  properties. 
To  the  first  class  the  term  acid  has  been  applied ;  to  the  se- 
cond that  of  oxide.  By  OTide,  then,  is  meant  a  combioatioD 
of  oxygen  and  some  other  substance  destitute  of  the  proper- 
ties belonging  to  acids.  It  is  very  common  to  find  the  nine 
base  combine  with  different  doses  of  oxygen,  and  form  both 
acids  and  oxides.  In  all  these  cases,  the  smaller  prpportioli 
of  oxygen  constitutes  tlie  oxidey  and  the  larger  the  ocmF. 
Hence  it  follows,  that  oxidep  always  contain  less  pxygen  than 
acids  with  the  same  base. 

The  oxides  which  we  have  to  examine  are  combinations  of 
oxygen  with  the  simple  combustibles  and  incombustibles. 
'  For  the  metallic  oxides  have  been  already  described  in  the 
first  book,  while  treating  of  the  metals.  All  that  is  known 
of  the  oxides  of  phosphorus  and  sulphur  has  also  been  stated. 
To  all  the  combinations  of  muriatic  acid  and  oxygen,  the 
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name  of  acids  has  been  given.  We  have  only  to  examine  in 
this  place^  ^refore,  the  oxides  of  hydrogen^  carbon  and 
azote. 

Sect.  I.     Of  the  Oxide  of  Hi/drogen  or  Water. 

•  TUb  well  known  liquid  is  found  in  abundance  in  every 
part  of  the  world.  \^lien  pure,  in  which  state  it  may  be  ob- 
tained by  distillation,  it  is  destitute  of  colour,  taste  and 
smell. 

At  the  temperature  of  40**,  a  cubic  foot  of  pure  Avater 
wdghs  437102-4946  grains  troy,  or  999"0914l6l  ounces 
avmrdupois'.  Hence  a  cubic  inch  of  water  at  40*,  weighs 
£52*953  grains;  and  at  60%  25272  grains.  The  specific 
gravity  of  water  is  always  supposed  1*000,  and  it  is  made  the 
measure  of  the  specific  gravity  of  every  other  body. 

When  cooled  down  to  32**,  it  crvstallizes  and  becomes  ice. 
At  212^,  it  boils  and  is  converted  into  steam^  an  elastic  fluid, 
invisible  like  air,  and  about  1  BOO  times  more  bulky  than  water. 
The  boiling  point  of  water  is  somewhat  altered  by  dissolving 
salt  in  it.  Some  salts  raise  the  boiling  point,  others  lower  it 
a  little,  while  some  produce  both  effects  according  to  the 
proportion  employed. 

Water  is  not  altered  by  heat.  It  absorbs  a  little  air  and  a 
certain  proportion  of  all  gases  exposed  to  it.  By  long  boil- 
ing, or  by  being  placed  in  an  exhausted  receiver,  it  is  freed 
from  die  greatest  part  of  this  air. 

Water  has  no  action  on  the  simple  combustibles  while  cold. 
But,  at  a  red  heat,  charcoal  decomposes  it.  The  action  of 
phosphorus  is  not  known.  Sulphur,  as  far  as  is  known,  does 
not  decompose  it. 

Of  the  metals  iron,  zinc,  antimony  and  tin  decompose 
it  when  assisted  by  heat ;  silver,  gold,  copper  and  platinum 
have  no  effect  on  it.    The  action  of  the  odier  metals  has  not 
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been  aBoertaiiied.  The  metallic  bases  of  the  alkalies  -tnd 
earths  decompose  it  with  great  rafHdity  at  the  usual  feaaipeia- 
ture  of  the  atmosphere.  i 

Water  dissolves  the  alkalies  and  alkaline  earths.  The  eardw' 
proper  are  insoluble  in  it. .  It  dissolves  also  apids  and  salti^: 
aod  is  capable  of  combining  with  a  great  variety  of  bodies.'.^ 
Water  unites  to  bodies  two  different  ways.   Some  it  diasotvct'' 
and  die  compound  becomes  liquid  like  water.    In  tiotf.w^-. 
it  dissolves  sugar,  common  salt,  and  many  other  bodieiL«. 
Other  bodies  combine  with  it  widiout  losing  their  solidikjFt 
The  wat^r  loses  its  liqiud  form  and  assumes  that  of  tlie  bo^ , 
with  which  it  unites.    In  this  way  it  combines  with  lim%. 
with  alumina^  with  many  salts,  and  with  various'  metallic: 
oxides.    When  the  compound  of  water  with  another  sub- 
stance remains  liquid,  the  proportion  of  water  is  unlimited; 
but  when  the  compound  formed  is  solid,  the  water  combines 
always  in  a  certain  determinate  proportion.      To  the  first 
kind  of  compound,  the  name  of  sohUioH  has  been  given ;  to^ 
the  second,  the  term  hjfdrate  has  been  applied.   Thus,  dach*  > 
td  lime  is  called  hydrate  of'  lime ; .  the  crystala  of  barytes  and; 
3tro]ntian  sMre  called  hydrates  of  barytes  and  strontian.    Moat 
of  the  metallic  (lydrates  haye  lively  colours,  a  stroug  taate  and 
are  easily  soluble  in  acids,  while  die  03(ide  which  coostitutQi 
jthe  base  of  thp  hydrate  i^  usually  dialer  iu  its  colour,  oftea: 
tasteless  and  alv^ays  more  difficultly  soluble  in  acids.    The: 
hydrate  of  coppcir  is  blu^,  that  of  nickel  s^id  iron  greep,  that 
of  cobalt  red,  and  that  of  tin  white- 
All  die  gases,  in  thpi*  usual  st^te,  contain  a  quaqtit^  of  « 
water,  from  which  they  are  best  freed  by  exposure  to  a  yeiy 
)ow  temperature.    But  this  method  does  not  suoceedMin 
freeing  muriatic  acid  gas  from  water.    That  gas,  even  at  *%' 
lowest  temperatures;  contains  about  one-fourth  its  weigi^t  of 
water. 
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The  mcieiits  considered  water  as  an  elementary  substonce. 
Van  Hebhout  endeavoured  to  prove  that  plants  could  be 
Bourished  by  pure  water  alone^  and  of  course  that  it  could 
be  converted  into  all  the  substances  found  in  vegetables. 
Bioyle  diought  that^  by  long  digestion  in  glass  vessels,  it  could 
be  converted  into  silica.  His  experiment  was  confirmed  by 
Margfaff.  But  Scheele  and  Lavoisier  proved  tiiat  the  silica 
was  ohteined  by  the  decomposition  of  the  glass  vessel  in 
which  the  experiment  was  made.  Mr  Cavendish^  in  173 1, 
fMcartained  thfit  water  is  a  compound  of  ox  \  gen  and  hydro* 
gen,'  nearly  in  the  proportion  of  six  parts  of  the  former  and 
one  of  the  latter;  and  this  discovery  was  continued  by  9 
naqiber  of  very  laborious  and  rigid  experiments. 

Sect.  II.     Of  Carbonic  Oxide. 

'  The  substance  at  present  known  by  die  name  of  carbome 
9Sid€f  is  a  gas  which  was  ccinfounded  with  carbureted  hydro-^ 
gen,  till  Dr  Priestley  drew  the  attention  of  chemists  to  it  in 
adis^rtatioii  which  he  published  in  defence  of  the  doctrine 
of  pUugiHton.  It  was  examined,  in  consequence,  by  Mr 
CniikBhauks,  who  showed  it  to  be  a  compound  of  oxygen 
and  carbon^  and  not  of  hydrogen  and  carbon^  as  Priestley 
had  supposed.  Clement  and  Desornies  also  analysed  it  with 
the  same  result. 

It  may  be  obtained  most  readily  by  mixing^  together  equal 
weights  of  iron-tilings  and  chalk,  each  as  dry  as  po2«sible,  and 
ftposing  them  to  a  red  heac  in  an  iron  retort.  A  gas  comes 
over  in  abundance.  It  consists  partly  of  carbonic  aad,  part- 
ly of  carbonic  oxide.  The  first  gas  is  rem.>ve(l  by  washing  in 
fime-water.    The  carbonic  oxide  remuiiic  behind. 

Carbonic  oxide  is  invisible;  aiui  |>o.'<.sossies  the  mechanical 
properties  of  common  air.    Its  »|>ti:iljc  gravity  is  0'i)Dt),  that 


of  air  being  1*000.    No  animal  can  breathe  it  without  cieaA. 
No  combustible  substance  will  bum  in  it. 

It  boms  with  a  blue  flame,  giving  out  but  little  light,  and 
is  wholly  converted  into  carbonic  acid  gas.  When  mbni 
with  oz^^en  gas  and  kindled  bj  means  of  an  electric  vgaif 
100  parts  of  it  require  45  parts  by  bulk  of  oxygen  gas  ftr 
complete  combustion.  Hie  result  is  about  90  parts  of  co^ 
borne  acid  gas.  From  this  experiment  it  has  been  deduoei 
ihat  carbonic  oxide  is  composed  of 

41  carbon, 

59  oxygen. 
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The  simple  combustibles  have  but  little  action  on  this  pM, 
Hydrogen  has  none  even  at  a  red  heat;  nor  charcoal  nor 
sulphur.  But  it  dissolves  a  little  phosjAoras^  and  acquiiei 
the  property  of  burning  with  a  yellow  flame. 
.  The  simple  incombustibles  have  no  efiect  on  it  at  aof 
temperature  tried.  But  oxymuriatic  acid  gas  gradually  d^ 
stroys  it,  converting  it  into  carbonic  add  gas«  This  miztnra 
cannot  be  kindled  by  electricity ;  whereas  a  mixture  of  oz^ 
nuiriatic  acid  and  carbureted  hydrogen,  bum  directly  whet 
ian  electric  spark  is  passed  through  them. 

Its  action  on  metals  and  their  oxides  has  been  but  imper> 
fectly  examined.  Neither  the  alkalies  nor  the  earths  haiC 
any  action  on  it  whatever. 

Se^t.  in.     Of  the  Oxides  of  Azote. 

-    Azote  and  oxygen  form  twiro  diflierent  oxides,  both 
and  both  discovered  by  Dr  Priestley.    The  first  has 
called  nitrous  oxide  gas,  the  second  nitrous  gas,  or  niiric  ox* 
ide  gas. 
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1.  Nitroits  Oxide  Gas. 

■ 

This  gas  w«s  discovered  by  Dr  Priestley  in  1776  and  called 
by  him  dephlogisiicated  nitrous  gas.  ^Hie  associated  Dutch 
diemists  examined  it,  in  1793,  and  ascertained  its  composi- 
tion. Butfor  thebestaccomit  of  it  weare  indebted  to  Mr  Davy. 

It  may  be  obtained  by  exposing  the  salt  called  nitrate  of 
ammonia  in  a  retort  to  a  heat  between  340^  aud  500^.  It 
melts  and  emits  abundance  of  gas,  Nvhich  may  be  collected  in 
jars  of  water. 

Thus  obtained,  it  has  all  the  mechanical  properties  of  air. 
Its  specific  gravity  is  1-603,  tliat  of  air  being  1*000. 

It  supports  combustion  better  than  common  air,  almost  as 
well  as  oxygen  gas,  but  for  a  much  shorter  time.  But  com- 
bostibles  do  not  bum  in  it,  unless  previously  in  a  state  of  ig- 

fltlOD. 

It  may  be  breathed  for  a  short  time,  and  produces  effects 

•iBiilar  to  intoiucation.       • 

Water  absorbs  nearly  its  oym  bulk  of  ,tliis  gas,  and  acquirer 

a  sweetish  taste;  but  its  other  properties  are  not  perceptibly 

ahered.     It  may  be  driven  off  from  the  Water  unaltered  by 

means  of  beat- 
It  is  not  altered  by  light,  nor  by  a  moderate  heat.     But 

by  a  red  heat  it  is  decomposed  and  converted  into  nitric  acid 

Bnd  common  air. 

Oxi^en,  or  common  air,  has  no  action  on  this  gas. 
Sulphur,  if  introduced  into  this  gas  while  burning  witb  a 

blue  flame,  is  immediately  extii^piished ;  but,  if  it  be  bun^ 

ing  with  a  violet  flame,  it  continues  to  bum  for  some  time 

witb  great  brilliancy  with  a  fine  red  flame,     llie  products 

ore  sulphuric  acid  and  azote. 

Phosphorus,  when  touched  with  a  wire  white  hot,  bums 

with  great  brilliancy  in  this  gas.    The  products  are  azotic 

gtis,  phosphoric  acid  and  nitric  acid. 
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Charcoal  may  be  kindled  iii  it  by  means  of  a  bunpag 
^lass.     The  products  are  carbonic  acid  gaS;  and  azotic  gasr 

Hydrogen  detonates  with  it  by  means  of  electricity. .  Ac- 
cording to  Mr  Davy,  39  measures  of  nitrous  oxide  coniuBM^ 
40  measures  of  hydrogen,  and  after  the  combustion  41  oA^ 
sures  o^  azotic  gas  remain.  From  this  experiment  it  M 
l)een  concluded,  that  nitrous  oxide  is  composed  by  weight  o' 

65  azote. 

37  oxygen. 

•■■   '   .——  '  '"■' 
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Sulphurated,  phbsphureted  and  carbureted  hydrogen  fjk'^ 
likewise  bum  when  mixed  with  nitrous  oxide,  and  kindM. 

Neither  azote  nor  muriatic  acid  produce  any  effect  Cipott 
this  gas. 

Some  of  the  metals  as  iron  and  zinc,  bum  or  maybe  oxi- 
dized in  it. 

It  has  the  property  of  combinhig  with  alkalies,  aud  of 
forming  a  peculiar  species  of  salt,  to'which  the  name  of  aHh 
tite$  may  be  given.  Mr  Davy,  to  whom  we  are  indebted  Ick' 
the  discoveiy  of  these  compounds,  did  not  succeed  in  cod- 
hining  nitrous  oxide  with  ammonia  and  the  earthsy  but  he  fan 
rendered  it  jirobable_tbat  aucb  compounds  are  possible. 

k 

2.  Nitrous  Gas, 

This  gas  was  accidentally  obtained  by  Dr  Hales,  but  its 
properties  were  first  investigated,  and  its  nature  ascertained  ^ 
by  Dr  Priestley. 

To  obtain  it,  dissolve  copper  or  silver  in  nitric  aciddikit^ 
with  water,  a  gas  separates,  which  may  be  collected  in  jaif 
over  water,  and  is  the  gas  in  question. 

It  possesses  the  mechanical  properties  of  common  air*  Itt 
specific  gravity  13  l*094/thiit  of  air  being  1*000. 
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It  19  exceedingly  nosious  to  aoinials,   producing  instant 
Eufibcatioa  whenever  they  attempt  to  breathe  it. 

Most  combustible  substances  refuse  to  burn  in  it.     But 
pyrophorus  bums  in  it  willi  great  splendour,    and  HonfiJ 
berg's  phospliorus  takes  tire  in  it  spoutaueously  just  as  in*  | 
CommoD  air.     Dr  Henry  has  ascertained,  that  anunomacal)  I 
gas,  whenmixed  with  it,  detonates  by  means  of  electricity.     J 

When  mixed  with  common  air  or  oxygen  gas,  m  yellow' 
colour  apjiears,  and  if  the  mixture  be  standing  over  water,  ita 
bulk  gradually  diminishes  very  considerably,     lite  yellow  co- 
lour is  owing  to  the  presence  of  nitrous  acid  which  is  form- 
ed, and  the  dmiinulion  of  bulk  to  the  gradual  absorption  of  _ 
that  acid  by  the  water.     The  cause  of  Uiis  remarkable  phe->4 
moienon  is  obvious.     The  nitrous  gas  combines  wilh  the 
oxjgen,  and  forms  nitrous  add.     Hence  tbe  dimiaution  of 
bulk  depends  upon  the  quantity  of  osjgen  present.     There  is 
■  good  deal  of  difference  in  ilie  result  obtained  by  chemists 
of  the  amount  of  (tie  diRiinution  of  bulk,    which  ensues. 
According  to  Daltoii,   21   measures  of  osygea  gas   unite 
fither  with  S'j  measures  of  nitrous  gas,  or  with  72  measuresM** 
According  to  Gay-Lussac  lOU  measures  of  oxygen  gas  iwit««j 
(itiier  with  ^00  or  with  500  measures  of  nitrous  gas,  accoidn^ 
log  to  circumstances. 

Nitrous  gas,  by  eleetricity,  Is  converted  into  nitrous  acid 
and  azote. 

Water,  according  to  Dr  Priestley,  absorbs  about  1-IOth  I 
Lis  bulk  of  this  gaa  ;  according  to  Dr  Henry  about  1-20^9 
•fib  bulk.  M 

It  is  decomposed  by  phosphorus  and  charcoal,  and  prob»y| 
bly  olso  by  sulphur  at  a  very  high  temperature.  Hydrogtyt' J 
gw  mixed  with  it  bums  willi  a  grt^en  Qaiue.  This  misturei^  J 
Mxording  to  Fourcroy,  detoiiates  when  passed  ihroilgb  a  red^ 
bot  tttbe.  ;  M 

Kettber  azote  nor  muiiatlc  acid  produce  any  cGfecl  upon  itufl 
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Several  of  the  metals  decompose  it.  When  kept  for  some 
time  in  contact  wiUi  iron,  its  bulk  diminislieS;  and  it  is  eon*' 
cd  into  nitrous- oxide. 

It  is  absorbed  unclianged  by  a  solution  of  gireen  sufplnii 
or  muriate  of  ifon.  The  liquid  acquires  a  deep  broWn  M- 
lour;  and,  when  kept,  becomes  blue.  The  gas  may  hn  fH^ 
pelled  unaltered  by  heat. 

The  following  bodiesr  convert  this  gas  into  nitrous  oxSie. 
Alkaline  sulphites;  hydrogureted  sulphnrets,  muriate  of4i( 
sulphureted  by^ogi^B-gas^  iron  or  zinc  filings  moistened  tMl  . 
water*  -i       v        ■ 

From  die  analyms:  of  Mr  Davy^  it  appears  to  be  caafwA 
by  weight  of  "^ 

57  oxygen. 
•  43  azote.  • ''' 


I  -I 
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According  to  Gay^Lussac  mtroosgas  is  composed  <>f  e^ 
bulks  of  oxygen  and  azotic  ga»  united  together,  and  its  ^p&A- 
fie  gravity  is  exactly  the  mean.  Hence  no  change  of  bflft 
takes  place  when  they  are  combined.  This  would  give  m 
nitroua  gas  composed  by  *«reight  of 

53  oxygen, 
47  azote. 


100 


CHAP.  II. 

OF   ACIDS. 

The  ^vo^d  acid,  originally  synonymous  wifli  sour,  it  at  prt^ 
;sent  applied  to  all  bodies  possessed  of  the  following  prop^ 

ties. 
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1 .  V^heu  applied  to  the  tougue^  they  excite  that  seiisatiou 
vliich  is  called  sour  or  acid. 

2.  lliey  change  the  blue  colours  of  vegetables  to  red. 

3.  They  unite  witli  water  in  almost  every  proportion. 

4.  They  combine  with  the  alkalieSi  earths^  and  metallic 
Dudes,  and  form  a 'class  of  bodies  called  salts. 

Every  acid  does  not  possess  the  whole  of  these  properties. 
BiKt  all  of  them  possess  a  sufficient  number  to  distinguish 
diem,  from  odier  bodies.  The  2d  and  4th  properties  are 
conddered  as  the  most  important  and  essential.  ^ 

It  was  at  one  time  believed  that  there  existed  only  one  acid 
in  nature,  and  that  all  bodies  owed  their  acidity  to  the  pre* 
KDce  of  that  acid. 

This  notion  was  loi^  a  favourite  one  among  chemists,  and 
niphuric  and  phosphoric  acids  were  pitched  upon  as  the  uiu- 
versal  acids.  But  the  claims  of  neitlier  could  stand  the  test 
of  a  rigid  examination.  At  last  Mr  Lavoisier  proved  that 
maay  substances  were  capable  of  combining  with  oxygen, 
and  by  that  means  were  converted  into  acids.  Hence  oxy- 
gen wai  termed  the  acidifaing  priticiple. 

All  that  can  be  meant  by  tliis  appellation  is  only  that  many 
acids  contain  oxygen  as  a  constituent,  and  that  when  deprived 
of  oxygen,  they  lose  tiieir  acid  characters.  In  diis  sense  th^ 
appellation  is  correct  enough.  But  it  is  not  true  that  oxy- 
gen itself  possesses  acid  characters ;  neither  has  it  been  proved 
that  it  exists  in  every  acid.  Many  substances  contain  oxy- 
gen which  are  entirely  destitute  of  acid  properties.  Tlius 
water,  alkalies,  and  alkaline  earths  contain  it.  Yet  it  would 
be  absurd  to  consider  any  of  these  bodies  as  acids.  As  the 
acids  are  very  numerous,  and  very  heterogeneous  in  their  pro- 
perties, it  will  be  of  some  importance  to  subdivide  them  into 
classes.  They  may  be  arranged  under  three  heads:  L.  Acid 
products.    2.  Acid  supporters.     S.  Combustible  acids^ 
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Class  1.    Acid  products* 

All  the  acids  belonging  to  diis  class  possess  the  following 
properties. 

1.  They  may  be  formed  by  combustioq.  Of  course  dliir 
base  is  a  simple  combustible. 

2.  They  are  incombustible.  > 

3.  They  resist  a  violent  heat  without  decompositioii*  Btt 
to  this  there  are  some  exceptions.  '• 

4.  They  »e  decomposed  by  the  joint  action  of  a  comhtf- 
tible  body  and  cftloric. 

5.  Oxygen  is  an  essential  ingredient  in  all  of  them.         * 
Some  of  the  combustibles  combine  with  two  doses  oCoiy* 

gen,  and  form  two  duiiinct  acidsv  When  that  happens,  tke 
acid  containing  the  smallest  dose  of  oxygen  is  distJaguiAid 
by  the  termination  ous,  while  that  which  contains  a  maximtii 
of  oxygen  is  distinguished  by  the  termination  fc.  Thas  Mf- 
phurous  and  sulphuric  acids.  The  first  contains  die  kuly 
and  die  second  the  most  oxygen. 

The  following  tabic  exhibits  the  names  of  the  acid  pro- 
ductSy  their  bases,  and  the  proportion  of  oxygen  in  etchf 
combined  with  100  of  the  bases  as  far  as  it  is1p«>wast 
presentr 


Nanus. 

Bases, 

Propor* 
tion  of 
oxygen  to 
100  bast. 

Sulphuric 
Sulphurous 

Sulphur. 

ISG'o 
S8-G 

Phosphoric 
Phosphorous 

Carbonic 

Phospboroa 

114-7 
58? 

Carbon 

'257 
200 

Boracic 

Boracium 

Fluoric 

Unknown      | 
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Sect.  I.     Of  Sulphuric  Add. 

Iphuric  acid  seems  to  have  fwen  disc»Tered  by  the  al- 
rliymists.  It  was  long  obtained  by  distilliug  tbe  salt  called 
given  vitriol,  or  siilphiUe  of  iron.  Hence  the  namca  oi/  of 
vilriol  and  vitriolic  acid  originally  applied  to  it.  It  is  now 
procured  by  burning  a  mixture  of  sulphur  and  nitre  in  chant- 
<htn  lined  woh  lead,  the  bottom  of  which  is  covered  with 

EThe  acid  formed  is  dissolved  by  tlie  water,  and  19 
itrated  by  distillation  in  glass  retorts, 
phuric  acid  is  liquid,  somewhat  of  an  oily  consistency, 
transparent  and  colourless  as  Mater,  without  any  smell,  and 
of  a  very  strong  acid  taste.  It  destroys  the  texture  of  ani- 
'mI  and  vegetable  substances.  Its  specific  gravity,  when  as 
^Bhg  as  possible,  is  about  1-85?'  It  changes  all  vegetable 
^■fes  to  Ted,  e.^cept  indigo.  It  boils  at  54^°.  When  ex- 
^RlM  to  cold,  it  crystallizes  or  congeals.  The  teiitpera- 
Itlie  necessary  depends  upon  the  strength.  When  of  the  spe- 
cific gravity  17B0,  it  freezes  at  45°,  When  stronger  or 
weaker,  it  requires  a  much  greater  degree  of  cold. 

It  has  a  strong  attraction  for  water,  and  when  exposed  to 
flie  atmosphere,  imbibes  nearly  7  thues  it  weight  of  thai  li- 
i|nid.  When  the  tivo  liquids  are  mixed  together,  a  considerable 
beat  is  evolved.  Thus  4  parL^  of  acid  and  1  of  water  raises 
the  diermometer  to  about  300°.  The  density  of  this  mixture 
is  always  considerably  greater  titan  the  mean.  From  the  ex- 
periments of  Kirwan,  it  appears  that  tlie  strongest  sulphuric 
add  of  commerce  contains  almost  l-ath  of  water,  the  remain- 
ing 4-iiths  are  pure  acid. 

From  the  most  accurate  experiments  hitherto  made,  sulphu- 
ric acid  appears  to  be  composed  of 
45 '3  oxygen. 
57-7  sulphur. 

100-0 
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« 

This  acid  is  not  altered  by  exposure  to  light  nor  heat. 
Ox}'geu  gas  does  not  act  upon  it  nor  combine  with  it. 

The  simple  combustibles  have  but  little  effect  upon  it  at 
the  ordinary  temperature  of  the  atmosphere,  but  when  assist- 
ed by  heat  they  all  decompose  it.  When  hydrogen  gas  and 
the  acid  are  passed  through  a  red  hot  tube^  water  is  formed 
and  sulphur  deponted.  Charcoal  absorbs  oxygen  from  it 
and  readily  converts  it  into  sulphurous  acid^  or  into  sulphuTi 
if  the  heat  be  long  continued.  Phosphorus  and  boracium 
produce  the  satne  effect.  Sulphur>  when  boiled  with  i^ 
readily  converts  it  into  sul{rfiurou8  acid. 

^zote  has  no  action  on  it;  but  it  readily  absorbs  muriatic 
acidy  and  forms  a  smoking  compound,  which  acts  pbweiAiUy 
upon  some  metals. 

Sulphuric  acid,  when  concentrated,  has  little  action  on  the 
metals.  When  diluted,  it  dissolves  iron  and  zinc  with  rapidi- 
ty, water  is  decomposed,  and  hydrogen  gas  emitted.  When 
heated,  it  oxidizes  several  of  the  metals,  and  sulphurous  Aad 
is  exhaled.  On  gold  and  platinum  it  produces  no  efiect 
whatever. 

It  unites  readily  widi  the  alkalies,  eartlis  and  metallic  ox* 
ides,  and  forms  with  them  a  class  of  bodies  called  sulphetea 

It  absorbs  a  good  deal  of  nitrous  gas,  and  acquires,  in  ooih 
sequence,  a  purplish  colour. 

This  acid  is  of  great  importance  both  in  chemist^  and  die 
arts. 


Sect.  II.     0/  Siilphnrxnts  Acid. 

The  existence  of  this  acid  was  pointed  out  by  Stahl,  but 
Priestley  was  the  first  who  procured  it  in  a  separate  state. 
It  may  be  obtained  by  dbtilling,  in  a  retort,  a  mixture  of  two 
parts  sulphuric  acid  and  one  part  of  mercury.     An  efferves- 
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cence  takes  place,  ami  a  gas  comes  over  wliicli  may  be  re- 
ceived In  jars  over  merciin-. 

It  is  colourless,  and  possesses  the  mechaiiicat  properties  of 
common  air.  It  has  a  strong  and  suffocating  odour,  precise- 
ly the  same  as  tliat  emitted  by  burning  sulphur.  Its  spccitic 
j^vit)*  is  0:0.65 J  that  of  air  being  VQOO.  It « reddens  vcgc- 
table  blues,  and  gradually  destroys  the  colour  altogetlier. 

When  strongly  heated,  sulphur  Is  deposited  and  sulphuric 
add  formed.  When  exposed  to  tlie  temperature  of  —18^, 
it  is  condensed  into  a  liquid. 

Water  absorbs  33  times  its  bulk  of  tliis  gas.  The  liquid 
ba  the  smell  of  the  gas,  an  acid  aud  sulphureous  taste,  and 
the  specific  gravity  L'0513.  It  may  be  frozen  >vithout  part- 
hg  with  the  gas.  But  when  heated  the  gas  b  expelled. 
When  this  liquid  is  left  to  itself,  it  gradually  absorbs  oxygen 
9d  the  acid  is  converted  into  the  sulphuric. 

Sulphur  and  phosphorus  seem  to  have  no  action  on  this 
Mad,  but  hydrogen  and  charcoal  decompose  it  when  assisted 
by  heat,  and  sulphur  is  evolved.  Neither  azote  uor  muriatic 
^id  produce  any  effect  upon  it. 

It  oxidizes  and  dissolves  iron,  zinc  and  manganese. 
It  combines  with  the  salifiable  bases,  and  forms  salts  called 
sulphites. 

Sulphuric  acid  absorbs  it,  and  forms  a  singular  compound 
called  gl^sial  sulphuric  acid,  which  readily  becomes  solid, 
aud  smokes  when  exposed  to  the  air. 

Its  constituents,  according  to  my  experiments,  are 

53  sulphur. 
47  oxygen. 
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Sect.  III.     Of  Phosphoric  Acid. 

This  acid  was  first  mentioned  by  Boyle,  but  its  properties 
were  investigated  many  years  after.  It  may  be  obtained  by 
burning  phosphorus;  or  by  dissolving  phosphorus  in  vibic 
acid,  and  evaporating  the  liquid  to  dryness.  ^ 

In  this  state  it  is  solid,  colourless  and  transparent,  ^not  Wr 
like  glass.  It  reddens  vegetable  blues,  has  no  smell,  but  ktf 
a  very  acid  taste.  When  exposed  to  the  air,  it,  attracts  mois- 
ture and  gradually  runs  into  an  oily-like  fluid.  Its  spedfe 
gravity,  when  in  the  state  of  glass,  is  2*8516;  yAixxl  in  ik 
liquid  state  1*417* 

It  is  veiy  Soluble  in  water,  and  is  said  to  be  capaUeof 
crystallizing,  but  it  is  difficult  to  obtain  it  in  that  otate,. 

Oxygen  has  no  effect  upoi\  it.  None  of  the  simple  com- 
bustibles are  known  to  be  capable  of  decomposing  it,  enept 
charcoal.  When  strongly  heated  witli  this  substance^  phoi- 
phorus  is  disengaged.  The  simple  incombustiUes  haie  bd 
effect  on  it. 

It  is  capable  of  oxidizing  and  dissolving  some  of  the  pe- 
tals.    But  its  action  on  these  bodies  is  by  no  means  strong. 
^  It  combines  with  the  salifiable  bases,  and  forms  a  class  of 
salts  cslXeA  phosphates. 

According  to  the  experiments  of  Rose,  it  is  composed  of 

46*5  phosphorus. 
53*5  oxygeai. 
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Sect.  IV.     Of  Phosphorous  Acid. 

This  acid  was  known  earlier  than  the  preceding.  «Forft 
long  time  they  were  confounded.    Jjavoisier  was,  perhaps 
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the  first  who  accurately  distii^uished  them.  It  may  be  ob- 
tained by  exposing  phosphorus  to  the  open  air :  it  gradually 
absorbs  ox^-gen  and  runs  into  a  liqiud,  which  is  the  acid  in 
qnestioii. 

It  is  a  viscid  colourless  liquid;  haung  a  very  acid  taste, 
and  emittii^  the  smell  of  garlic,  especially  when  heated.  It 
combines  with  water  in  any  proportion.  When  e%*aporated 
Id  diyness  and  heated,  it  gives  out  phosphureted  hydrogen 
gtt,  which  bums  when  it  comes  in  contact  with  the  air. 
This  continues  for  a  long  time,  and  at  last  the  acid  is  convert- 
ed mlo  the  phosphoric.  If  nitric  acid  be  poured  upon  it, 
diis  rhai^e  takes  place  much  more  easily  and  speedily. 

Tlie  action  of  the  simple  combustibles,  the  incombustibles 
and  the  metals  on  this  acid,  is  similar  to  dieir  action  ou  phos- 
phoric acid. 

It  combines  with  the  different  salifiable  bases,  and  forms 
a  class  of  salts  called  phaq)/iiies. 

Sulphuric  acid,  by  the  assistance  of  heat,  converts  it  into 
phosphoric  acid. 

It  has  been  ascertained  that  this  acid  contains  less  oxvgen 
than  the  phosphoric,  but  the  actual  proportion  has  not  been 
determined, 

■ 

Sect.  V.     Of  Carbonic  Avid, 

Hiis  acid  was  discovered  by  Dr  Black.  Its  properties 
were  afterwards  invest^ted  by  Mr  Cavendish  and  Dr  Priest- 
ley, and  its  composition  ascertained  by  Mr  Lavoisier.  It 
was  at  first  called  Jixed  air.  Mr  Lavoisier,  after  ascertain- 
ing its  base,  gave  it  the  name  which  it  now  bears.  Every 
chemist  almost  of  eminence,  during  die  last  50  years,  has 
added  something  to  our  knowledge  of  the  properties  of  this 
remarkable  substance.  ^ 
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It  may  be  obtained  by  burning  ckarcoaly  or  more  easily  by 
pouring  muriatic  acid  on  chalk  in  a  glass  retort,  and  receiving 
the  gas  which  is  extricated  in  glass  jars  over  water.  Tliis 
gas  is  the  acid  in  question. 

It  is  invisible,  and  possesses  the  mechanical  properties  of 
air.  No  combustible  will  bum  ui  it.  It  is  unfit  for  respi- 
ration. It  affects  the  nostrils  with  a  kind  of  pungent  sensa- 
tion, but  when  diluted  with  air,  it  has  no  smell  whatever. 
Its  specific  gravity  is  1-500,  that  of  air  being  I'OOO.  It  red- 
dens very  .delicate  vegetable  blues. 

Atmospheric  air  contains  about  t^W  ^^  ^^^  ^^^1^  ^f  ^ 
gas. 

Jt  is  not  altered  by  passing  it  through  a  red  hot  tube,  but 
but  when  electric  sparks  are  passed  through  it  for  a  long  time 
its  bulk  increases,  and  a  portion  of  carbonic  oxide  is  evolved. 

Water  absorbs  it  when  placed  in  contact  with  it.  The  ra- 
pidity of  Uie  absorption  is  much  increased  by  agitation.  Wa- 
ter absorbs  its  own  bulk  of  this  gas  at  tlic  temperature  of 
41°.  The  water  acquires  a  sour  taste,  a  sparkling  appear- 
ance, and  the  property  of  reddening  vegetable  blues.  When 
heated  or  frozen,  the  gas  is  extricated.  It  makes  its  escape 
also  if  the  liquid  be  left  exposed  to  the  open  air. 

Carbonic  acid  is  not  acted  upon  by  oxygen ;  nor,  as  far  as 
is  known,  is  it  altered  by  any  of  the  simple  combustibles, 
incombustibles  or  metals.  But  several  of  these  bodies,  as 
charcoal,  phosphorus  and  different  metals,  have  the  property 
of  decomposing^  it  at  a  red  heat,  when  it  is  in  combination 
with  lime^  barytes  or  strontium.  In  these  cases  a  quantity  of 
carbonic  oxide  is  usually  evolved. 

It  combines  with  the  salifiable  bases,  and  foiins  a  .cl^ss  of 
Salts  called  carbonates. 

From  the  most  exact  experiments  hitherto  made,  we  may 
consider  this  acid  as  composed  very  nearly  of 
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"     Sect.  VI,     Of  Boracic  Add. 

this  Kcid  is  obuiued  from  tlie  salt  called  borax,  brougbt 
to'F.uropo  frura  the  east,  where  it  is  fouud  chiefly  at  tlie  bot- 
tom of  sdme  lakes  in^ Thibet  and  China.  It  was  first  ex- 
tracted tVom  borax  by  Hombei^,  and  its  nature  was  asccr- 
taiDed  by  Baron.  To  obtain  it,  dissolve  borax  in  hot  water 
and  add  sulphuric  acid  till  the  liquid  assumes  a  sensibly  acid 
taste.  As  the  liquid  cools,  it  depositea  wliile  crysuUbe 
scales,  which  are  boracic  acid. 

Thus  obtained,  it  has  the  form  of  ^in  hexagonal  ccalea  of 
a  silvery  whiteness.  Its  taste  is  sourisli  and  bitterish.  It  has 
no  smell.  It  reddens  vegetable  blues.  Its  specific  gravity, 
wliile  iu  scales,  is  1-471)1  when  melted  1-803. 

It  is  not  altered  by  Ughi  nor  heat.  Iu  a  red  beat  it  melts 
iiiio  a  transparent  colourless  glass,  which  becomes  somewhat 
opake  when  exposed  to  the  air,  but  does  not  attract  mois- 

Boiling  water  does  not  dissolve  more  than  0-03  of  this 
acid,  and  cold  water  still  less. 

Neither  ovygen,  the  simple  combustibles,  iiicombustiblea 
or  metals,  produce  any  etfect  upon  this  acid.  But  whes 
heated  with  potassium  it  is  decomposed,  and  its  base  bora\ 
fium  sepcvated. 

I'rom  tbe  experimenta  of    Davy,  we  may  cooclude  that 
tcic  acid  is  composed  of  about  33  boracium. 
€7  oxygen. 
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It  is  soluble  in  alcohol,  and  alcohol  containing  it  bum 
with  a  green  coloured  flame.  It  dissolves  also  in  some  of 
die<nls. 

It  is  hardly  capable  of  oxidizing  any  of  die  metals  except 
iron  and  zinc. 

It  combines  with  the  salifiable  bases,  and  forms  a  daas  tf , 
salts  called  borates. 

■ 

Sect.  VII.     Of  Fluoric  Acid. 

This  acid  was  discovered  'by  Scheele.    He '  obtafawd  #' 
from  a  pretty  common  and  beautiful  mineral  called  ftM^^\ 
^r,  and  in  this  country  often  Derbyshire  spar.    This^mist ' 
rd  is  a  compound  of  fluoric  acid  and  lime.     Dr  Pnist% 
first  obtained  the  acid  in  a  separate  state.  :     '  '    ^^'^ 

'   To  procure  this  acid,  pour  sulphuric  acid  on  dw  pomdfed 
spar  and  apply  heat.    A  gas  comes  over  which  must  hf*t9ff'i 
ceived  over  mercury.     It  is  the  acid  in  question.  ■ '  * 

This  gas  possesses  the  mechanical  properties  of  air.  It 
does  not  support  combustion,  nor  can  animals  breathe  it.  It 
smokes  when  mixed  with  the  atmosphere,  and  has  a  smell  «- 
milar  to  that  of  muriatic  acid. 

It  is  not  altered  by  exposure  to  heat  or  light.  • ' 

Water  absorbs  it  rapidly.  If  glass  vessels  have  been  em- 
ployed to  procure  it,  a  jelly  is  deponted  as  soon  as  ^  conisi 
in  contact  widi  the  wnter.  This  jelly  consists  of  silica' whidi 
the  gas  has  dissolved  from.the  glass,  and  wluch  it  held  m-v^ 
I  tion.  No  method  bas^  been  yet  discovered  of  obtiainin|[ 
fluoric  acid  gas  free  from  foreign  matter,  ir  Irnrtco  icidi 
be  used,  the  gas  does  not.  assume  the  elastic  form,  at  least  I 
could  not  procure  it  by  means  of  these  vessds.  Whea  flnof 
spar  and  vitreous  boracic  acid  are  heated  together,  a  gas  is  ob* 
^ined,  which  is  a  combination  of  the  two  acids,  to  whicl( 
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sphere.  Its  tuste  is  extremely  acid,  and  it  is  one  of  the  most 
corrosive  substances  known,  tinging  the  skin  instantly  of  an 
indelible  yellow,  and  very  soon  destroyii^  its  texture  entirely. 
It  converts  vegetable  blues  to  red.  Its  specific  gravity,  when 
stroi^sti  never  exceeds  I' 583.  It  contains,  mixed  with  it,  a 
toDsiderabie  portion  of  water,  from  which  it  cannot  be  freed. 
When  strongest,  this  water  amounts  to  about  one-fourth  of 
the  whole. 

It  boils  at  248^,  and  may  be  distilled  over  without  altera- 
tion. When  cooled  sufficiently  it  congeals,  and  the  freezing 
point  varies  exceedingly  according  to  the  strengdi  of  the  acid. 
There  is  a  certain  strength  at  which  it  congeals  most  easily, 
QikI,  if  it  be  either  stronger  or  weaker,  the  fi-eezuig  point  is 
Considerably  lower. 

Oxygen  has  no  effect  upon  this  acid ;  but  all  die  simple 
Combustibles  decompose  it.  When  poured  upon  charcoal, 
phosphorus  or  sulphur,  at  a  high  temperature,  it  sets  them 
on  fire.  When  diluted,  it  effervesces  widi  these  bodies,  and 
acidifies  them.  Hydrogen  gas  does  not  act  upon  it  at  the 
common  temperature  of  the  atmosphere,  but  when  passed 
\nth  it  through  a  red-hot  tube,  it  detonates,  water  is  formed 
and  azotic  gas  disengaged.  Boracium  is  readily  converted  by 
it  iuto  boracic  acid.  When  poured  upon  the  volatile  oils, 
and  even  upon  several  of  the  fixed  oils,  it  sets  them  on  fire. 
If  it  be  previously  mixed  with  a  little  sulphuric  acid,  it  sets 
fdmost  all  the  oils  on  fire. 

.  Azote  has  uo  action  on  this  acid,  but  muriatic  acid  fomu 
widi  it  the  compound  called  aqua  regia^  or  nitro-muriatic 
acid. 

It  is  capable  of  oxidizing  all  the  metals  except  gold,  pla- 
tinum and  titanium.  With  most  of  the  oxides  it  combines, 
thuMgh  some,  as  the  peroxides  of  tin  and  antimony,  are  inso- 
luble in  it.  It  even  sets  lire  to  some  of  the  metals  whoi 
poured  upon  them  in  fusion. 
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water,  and  muriatic  acid  remains  beliind.     This  mixture  ex- 
plodes by  electricity. 

Charcoal  is  said  by  some  to  bum  in  it  when  introduced 
about  the  temperature  of  90° .  Phosphorus  takes  fire  m  itj 
and  is  converted  into  phosphoric  acid.  Sulphur  is  gradually 
acted  on  by  it,  and  a  red  liquid  fonned,  composed  of  muria- 
tic acid,  oxygen  and  sulphur,  to  w  hich  the  name  of  sulphu- 
reted  muriatic  acid  has  been  given.  Boracium  is  spee^ 
converted  into  boracic  acid.  Sulphureted,  carbureted  and 
phosphureted  hydrogen  gases  likewise  decompose  this  add, 
but  only  the  last  of  them  bums  spontaneously  when  mixed 
with  it. 

Neither  of  the  simple  combustibles  produces  any  effect, 
upon  this  gas. 

It  oxidizes  all  the  metals  with  facility,  and  even  sets  fire  to 
several  of  them,  and  burns  them. 

Ammoniacal  gas  likewise  takes  fire  spontaneously,  and 
bums  witli  considerable  splendour  m  hen  mixed  with  this  gas, 
the  result  is  Mater  and  sal  ammoniac. 

It  seems  capable  of  unituig  with  the  different  bases,  when 
tliey  are  presented  to  it  hi  a  dry  state,  but  water  in  general 
seems  sufficient  to  prevent  the  combination  from  takii^ 
place.     The  salts  formed  are  called  oxj/muriates. 

It  reddens  nitrous  gas,  converting  it  into  nitric  acid.  Sul- 
phurous and  phosphorous  acids  are  converted  by  it  into  sul- 
phuric and  phosphoric  acids.  Upon  the  otlier  acids,  al- 
ready described,  it  produces  no  effect. 

Wheu  nitric  and  muriatic  acids  are  mixed  together,  a  quan- 
tity of  oxymuriatic  acid  gas  is  separated. 

From  the  analysis  of  Chenevix,  it  appears  that  this  acid  14 
vomposed  of 

77* o  muriatic  acid, 
22*5  oxgcn. 
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SiicT.  IV.     Of  fijfperoxy muriatic  Aeid. 

Tliis  acid  was  discovered  by  Bertbollet.  Its  nature  and 
IKCuliaritics  were  farther  investigated  by  Cheuevix, 

If  asotutimiof  poliLtliiDsix  times  ita  weight  ofwuter  be  put 
into  a  Woulfe's  bottle,  aud  a.  current  of  oxyinuriatic  acid  gas 
be  passed  throngh  it  for  a  sufficient  time,  small  briUiaat  crys- 
tals are  deposited  in  scales.  'I'liesc  crystals  have  rec^vud 
die  name  of  /ii/peraxi/miiriate  of  potash.  Ttiey  possess  cu- 
ikius  and  important  properties.  The  liquid  contains  another 
lak  compoied  of  mitrialif  acid  aud  polask.  From  this  last 
fact  it  was  inferred,  tliat  tlie  acid  in  die  first  salt  contained 
iliure  oxygen  than  exists  in  oxymuriatic  acid.  This  wm  de- 
■aoDstrated  by  the  experiments  of  Chenevix,  who  ^uwud 
thit  it  was  composed  of 

»()G  oxygen. 
34  muriatic  acid. 
100 

All  attempts  to  procure  this  acid  in  a  separate  stale  have 
Ijiilcd-  When  sulphuric  or  nitric  acid  is  poured  upon  thft 
salt,  it  is  dissolved,  assumes  au  orange  colour,  and  u  greeiti^fh 
yellow  vapour  flouts  above  the  solution.  When  heal  is  aj>- 
plied  lo  drive  off  the  ucid,  u  violent  delonution  takes  placCf 
which  shatter!)  Ihe  vessel  to  pieces.  \\'hen  muriatic  acid  is 
poured  upon  the  crystals,  au  efferveaceuce  takes  place,  and  a 
gas  is  separated  inlenuediate  in  its  properties  between  oxj- 
niuriatic  acid  and  hyper- oxymuriatic  acid, 

Wlipu  this  salt  is  rubbed  with  sulphui',  phosphorus  o^.c, 
coal,  or  wlieu  struck  mIi)]  these  bodies  on  au  unvil,  it  v 
detonation  take  place,  and  tiie  combustible  substances  are 
bunit.  Tlie  same  phenomena  take  place  wheu  die  salt  is 
attack.  aAec  being  mixed  with  a  variety  .of  .other  combnutible 
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substances.  Gunjwwder  may  be  made  of  it  more  powerfu! 
than  common  gunpowder,  but  the  manufacture  is  attended 
with  risk,  in  consequence  of  the  tendency  which  the  u^edi- 
eata  have  to  detonate  when  rubbed. 

Sect.  V.     C^  Arsenic  Add. 

Teas  acid  waa  discovered  bj  Scheele.  It  may  be  fonnedtii 
the  following  maimer:  Mix  in  a  retort  one  part  of  muriaUc 
acid,  four  parts  of  white  oxide  of  arsenic,  and  12  parts  of  ni- 
tric acid  of  the  specific  gravity  l'2.j.  Boil  the  mixture  tU 
the  oxide  diiiappear,  and  nitrous  fumes  cease  to  be  i 
then  evaporate  to  dryness,  and  expose  the  mass  to  a  low 
heat.     The  matter  tlius  obtained  is  solid  arse/iu:  add. 

It  La  a  white  solid  mass  nearly  tasteless,  of  the  specific  { 
vity  3-391-     It  is  very  fixed.     It  melts  at  a  red  beat, 
couverted  into  glass. 

It  dissolves  slowly  in  cold,  but  rapidly  in  hot  water, 
by  cautious  evaporation  may  be  obtained  in  crystals, 
taste  of  the  solution  is  acid,  caustic  and  nictallic. 

Oxygen  has  no  effect  on  it.  The  simpl^combustiblwdfr 
compose  it  when  assisted  by  heat,  and  sometinics  take  6te, '» 
consequence  of  its  actiou  on  them,  a  proof  that  diis  acid  il  • 
st^porter  of  combustion. 

l^e  simple  incombustibles  have  no  action  on  it.  It  ttu- 
dizes  several  of  the  metals,  especially  when  assisted  by  heat. 

It  combines  with  the  salifiable  buses,  and  forms  a  class  of 
salts  called  nrseniates. 

It  has  no  action  on  any  of  the  acids  already  described. 

From  the  analysis  of  Proust,  it  appears  that  this  acid  a 
composed  of 

^  65  arsenic. 

'  35  oxyg;eii. 


^m 


tunoStic  acid- 


,.  ,  Sect.  VI.     Tungstic  Acid. 

"Hie  substance  originally  called  tungstic  acid  was  disctH 
vered  by  Sclieele.  It  was  not  pure,  being  contaminated  by 
ibe  acid  employed  in  separating  it. 

The  real  tungstic  acid  is  a  yellow  powder  first  described 
bv  dieEliiyarta.     It  is  tasteless,  insoluble  in  water,  and  had^ 
DO  effect  on  vegetable  blues.     It  is  rather  an  oside  than  a4  1 
Mrid.     But  it  combines  with  the  salifiable  bases,  and  fonni  I 
■  of  salts  called  fuKgsfa'cs.  -i 


Sect.  VU.    Of  Molybdk  Acid. 


iis  acid  was  discovered  by  Scheele.     It  has  beea  lately  ' 
^umined  by  Bucbolz. 

It  may  be  obt^ed  by  digesting  nitric  acid  on  molybdena 
till  the  whole  is  converted  into  a  white  mass.  Edulcorate 
Bus  mass  with  water,  the  residue  is  molybdic  acid. 

It  is  a  white  powder  of  tiie  specific  gravity  3'460.  In 
close  vessels  it  melts  and  crystallizes  when  heated  ;  but  in  open 
vessels  it  sublimes,  and  may  be  collected  in  the  form  of  bril- 
lunt  yellow  scales. 

It  is  soluble  in  930  parts  of  water.  The  solution  is  pale 
yellow.    It  is  tasteless,  but  reddens  vegetable  blues. 

Molybdic  acid  is  not  affected  by  oxygen  gas ;  but  it  is  de- 
composed by  sulphur  and  charcoal,  and  several  of  tlie  metals. 

It  combines  with  the  salifiable  bases,  and  forms  a  class  of 
salts  called  molt/bdutes. 

It  dissolves  in  sulphuric  acid.  Tlie  solution  is  colourless 
when  hot,  but  becomes  blue  when  cold.  It  dissolves  also  in 
■nuirtic  acid,  but  not  in  nitric  acid. 


According  to  tlie  analysis  of  Bucholz,  it  is  composed  of 
67  molybdenum. 
33  oxygec. 


Sect.  VIII.     Of  Chromic  Acid. 

This  acid  was  dii>covered  by  Vanquelin.     It  may  be  ol^3 
tained  from  the  red  hail  ore  of  Siberia,  by  boiling  the  OV^I 
with  carbonate  of  soda,  decanting  off  the  fluid  solution,  t 
saturating  it  witli  sulphuric  acid.     A  red  powder  falls,  which 
is  chromic  acid. 

It  has  a  red  or  oiange  yellow  colour,  an  acrid  and  metal- 
lic taste  ;  is  soluble  in  water,  and  crystallizes  in  elongated  J 
prisms  of  a  ruby  colour. 

When  heated  it  gives  out  oxygen  gas,  and  is  converted  inta 
green  oxide  of  chromium. 

When  mixed  with  tilings  of  tin  and  muriatic  acid,  it  I 
comes  at  first  yellowish  brown,  and  afterwards  assumes  a  bea 
tiful  green  colour.  When  treated  with  acids,  and  variot 
other  combustibles,  a  green  colour  is  also  evolved. 


Sect.  IX.     Of  Colambic  Acid. 

Tliis  acid  was  discovered  by  Hatchet  in  an  ore  from  I 
rica  of  a  black  colour,  which  he  found  in  the  British  ] 
seum.     It  was  obtained  by  fusing  thn  ore  with  potash,  i 
solving  the  potash  in  water,  and  adding  uilrii^  acid  to  the  S 
lution.    The  colurabic  acid  precipitated  in  flakes. 

It  is  a  powder  of  a  white  colour,  and  not  very  heavy, 
is  tasteless,  ius9]uble  in  water,  but  gives  a  red  colour  t< 
getable  blues. 

Sulphuric  acid  diasolvea  it,  and  forma  a  colourless  solutu 
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from  which  the  columbic  acid  in  precipitated  by  water.     It 
is  soluble  also  in  muriatic  acid,  but  not  in  uitric  acid. 

It  combines  willi  the  aaliiiable  bases,  and  forms  a  class  of 
salts  called  colitmbales. 

Class  S.     Combustible  Acids. 

The  acids  belonging  to  this  class  may  be  distiiiguishcd  by 
the  following  properties. 

1.  If  they  be  combined  with  potash,  and  distilled,  they 
are  decomposed,  charcoal  is  usually  evolved,  and  a  consider- 
able quantity  of  heavy  inilammablc  air  extricut<?d. 

2.  All  of  them  contain  at  leaijt  2  simple  combustibles  ax 
abase,  namely  carbon  and  hi/drogeii.  Some  of  ilieni  also 
conta'm  azote.  Oxygen  usually  enters  into  Iheir  composition, 
llioii';b  not  perhaps  always. 

3.  They  do  not  seem  capable  of  combining  with  different 
doses  of  oxjgeu.  Whenever  the  proportion  of  usygen 
changes,  that  of  the  other  constituents  varies  alxo. 

4.  They  are  decomposed  by  the  action  of  tlie  more  power- 
ful acid  supporters,  and  either  converted  iulo  other  combus- 
tible acids,  or  into  oxide  and  acid  products. 

Tliey  may  be  divided  into  four  orders.  Those  belong- 
ing to  tlie  first  cr^'Slallize,  and  may  be  volatilized  without  de~ 
composition.  Those  belonging  to  the  second  likewise  crys- 
bllize,  but  they  caunol  be  volatilized  without  decomposition. 
Those  belonging  to  the  third  order  are  not  crystal lizable, 
though  they  may  be  exhibited  in  the  stale  of  a  dry  mass. 
Uuder  the  fourth  order  are  placed  three  acids,  which,  from 
ihe  singularity  of  their  properties,  -ought  to  be  coiisidered 
apart. 

The  followii^  table  exhibits  the  names  and  component 
|)arts  of  each  of  these  acids,  as  far  as  is  known  at  present. 
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Order  I.     Crystallizable,  volatilizabk. 


Names. 

CoMstituents, 

1.  Acetic. 

2.  Benzoic 
S.  Sebacic, 
4i  Succinic. 

5.  Moroxylic 

6.  Camphoric 

7.  Oxalic  ? 

carbon,  hydrogen,  ooiygen. 

Order  II.     Crystallizible,  not  vdatilizabk. 


1.  Mellitic    ' 

2.  Tartaric 

3.  Citric. 

4.  Kinic 

S>.  Saclactic 

carbon,  hydrogen,  oxygen. 

• 

6.  Uric 

carbon,  hydrogen,  azote,  oxygen. 

Order  III.     Not  crystallizabk. 


1.  Maiic. 

2.  Suberic. 

3.  Formic. 


Carbon,  hydrogen,  oxygen. 


Order  IV.     Colorific. 


I.  PruMic 


carbon,  hydrogen,  azote. 


2.  Gallic. 

3.  Tannin. 


carbon,  hydrogen,  oxygen. 


Sect.  L-     Of  Acetic  Acid. 

This  has  been  the  longest  known  of  all  the  acids*    It 
obtained  by  causing  tmne  or  beer  to  undergo  a  new  ferme 
tation.  .  They  become  sour,  and  are  known  by  the  name  < 
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vinegar.  When  the  vinegar  is  distilled,  a  transpareQt  colour- 
less liijuid  is  obtained,  called  distilled  vinegar,  or  soDietimes 
acetous  add.  When  this  substance  is  combined  with  oxide 
of  copper,  and  the  dry  mass  distilled,  a  liquid  is  obtained, 
which  contains  the  acid  in  a  much  more  coucentrated  state. 
It  was  formerly  called  radical  vinegar,  and  acdic  acid,  by 
Way  of  eminence. 

It  is  now  known  that  the  acid  principle  in  all  these  three 
liquids  is  precisely  tlie  same,  and  that  they  differ  merely  in 
*he  concentration  of  that  acid,  or  in  consequence  of  containing 
Small  quantities  of  some  foreign  ingredient.  Hence  the 
t^nn  acelic  acid  is  now  applied  to  the  acid  in  all  cases. 

Acetic  aeid  is  a  liquid  transparent  and  colourless  like  wa- 
ter. It  has  a  peculiar  and  well-known  aromatic  smell  when 
*U  the  state  of  vinegar  or  distilled  vinegar.  In  radical  vinegar 
this  smell  b  not  so  agreeable,  being  ml^ed  with  a  khid  of 
empjTeuraatic  odour.  When  sufficiently  concentrated,  it  may 
be  obtained  in  crystals,  but  the  process  is  difficult,  and  re- 
quires particular  precautions  to  ensure  success. 

The  specific  gravity  of  distilled  vinegar  varies  from  I'OO? 
to  10095:  thatof  radical  vinegar  is  1080.  But  the  strength 
of  the  add  is  not  always  proportional  to  its  specific  gravity, 
owing  to  the  presence  of  foreign  bodies  from  which  it  is 
wry  difficult  to  free  it.  It  is  very  volatile,  unites  with  wa- 
ter in  any  proportion,  and  reddens  vegetable  blues. 

Neither  oxygen,  the  simple  combustibles  or  incombusti- 
Um,  have  any  action  on  diis  acid.  It  oxidizes  some  metals ; 
but  its  action  on  these  bodies  is  not  violent.  It  combines 
with  metallic  oxides,  and  forms  with  every  one  a  soluble  salt. 
Indeed  all  the  salts  that  contain  acetic  acid  are  soluble  in 
voter.     In  diis  respect  it  agrees  with  nitric  acid. 

It  combines  with  salifiable  bases,  and  forms  a  class  of  salts 
called  acetates. 
S(ilphuric  aud  mtric  acids  seem  capable  of  decomposing  it, 
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but  the  action  of  the  otlier  acids  is  not  remarkable.  It  dis- 
solves and  combines  with  many  vegetable  bodies^  and  is,  m 
consequence^  useful  in  vegetable  analysis. 

It  is  composed  of  oxygen,  hydrc^en  and  carbon,  but  the 
proporti<Hi  of  these  constituents  has  not  been  hitherto  asow* 
tained  in  an  unexceptionable  manner. 

Sect.  II.     Of  Benzoic  Acid. 

Tills  acid  is  obtained,  by  sublimation,  from  a  resinous  sub- 
stance'called  benzoin. 

It  is  a  fine  light  white  matter  in  small  needles.  It  is  not 
brittle,  but  has  a  kind  of  ductility.  Its  taste  is  acrid,  but, 
and  somewhat  bitter.  Its  odour  is  weak  but  aromatic.  Its 
specific  gravity  0*667.  It  reddens  the  most  delicate  "feg^ 
table  blues. 

It  is  easily  volatilized  by  heat.  It  bums  when  kindled,  and 
leaves  no  residuum.  It  is  not  altered  by  exposure  to  die  air. 
Cold  water  dissolves  no  sensible  quantity  of  it,  but  it  disscdves 
readily  in  hot  water. 

It  is  not  acted  upon  by  oxygen  gas,  or  by  any  of  th^  simpk 
combustibles  or  incombustibles ;  nor  does  it  seem  capable  <rf 
O^dizii^  any  of  the  metals. 

'  It  combines  with  die  salifiable  bases,  and  forms  a  class  cS 
salts  called  benzoates. 

Several  of  the  strong  acids  dissolve  it ;  but  it  is  precipita- 
ted again  unaltered  by  the  infusion  of  water.  Alcohol  dis* 
solves  it  copiously. 

Sect.  Ill,     Of  Sebacic  Acid. 

This  acid  was  mentioned  many  years  ago,  but  its  nature 
and  properties  remained  unknown  till  it  was  lately  examined 
by  Tbepard.    JEferzelius  has  lately  added  considerably  to  our 
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kaowle<^  of  it.    It  may  be  prepared  by  the  following  pro- 
cess. 

Distil  hog's  lard  i  wash  the  product  with  hot  water,  sepa- 
rate this  water  and  drop  into  it  acetate  of  lead.  A  flaky  pre- 
cipitate appears  which  is  to  be  washed  and  dried,  mixed  with 
sulphuric  acid  and  heated.  A  melted  substance,  like  fat, 
swims  on  the  surface,     lliis  substance  is  sebacic  acid. 

Sebacic  acid  is  white,  it  has  no  smell ;  its  taste  is  a  plea- 
sant sour,  leaving  in  the  mouth  a  very  slight  impression  of 
bitterness.  It  reddens  vegetable  blues.  When  heated  it 
melts  like  tallow,  and,  on  cooling,  concretes  into  a  crystalli- 
zed mass.  It  may  be  volatilized,  but  requires  a  higher  tem- 
perature than  benzoic  acid.  Berzelius  has  shown  that  this 
acid,  in  most  of  its  properties,  coincides  with  benzoic  acid ; 
and  that  the  two  acids,  if  not  absolutely  the  same,  at  least 
approach  very  closely  to  each  other. 

Sect.  IV.     Of  Succinic  Acid. 

^liis  acid  is  obtained  when  amber  is  exposed  to  heat.  It 
sublimes  in  small  needles,  coloured  by  an  oil,  from  which  it 
may  be  freed  by  digestion  in  nitric  acid  mid  subsequent  crys- 
tallization. Trommsdorf  affirms,  that  when  dry  ^aclacttc  acid 
is  distilled,  it  yields  abundance  of  succinic  acid. 

niiis  acid  is  white,  crystallizes  in  triangular  prisms,  has  an 
acid  taste,  and  reddens  vegetable  blues.  When  heated,  it 
luelts  and  then  sublimes. 

It  is  but  little  soluble  in  cold,  but  very  soluble  in  hot  wa- 
ter. Alcohol  acts  nearly  upon  it  as  water.  It  dissolves  in 
sulphuric,  nitric  and  muriatic  acids,  without  luidergoing  de- 
composition. 

It  combines  with  the  salifiable  bases,  and  forms  a  class  of 
salts  called  succinates. 
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Sect.  V.    Of  Moroxylic  Acid^ 

This  acid  was  discovered  by  Klaproth  in  a  saline  exuda- 
tion incrustiug  the  bark  of  the  white  mulberry  tree. '  l3iis 
salt  was  a  compound  of  Xhe  acid  in  question  and  limQ. 

The  acid  was  separated  by  dissolving  the  salt  in  wsiter,  and 
precipitating  the  acid  by  means  of  acetate  of  lead.  The  ]^ 
dpitate  was  mixed  with  diluted  sulphuric  acid  and  dif^sfed* 
Sulphate  of  lead  jiras  formed  and  moroxylic  acid  disei^nged. 

It  crystallized  in  needles^  which  had  the  taste  of  succmic 
acid^  were  not  altered  by  exposure  to  the  air^  and  (Ussolvej 
readily  in  water  and  in  alcohol.  When  heated  it  sii&limesi 
and  thus  may  be  obtained  quite  pure. 

Sect.^  VI.     Of  Camphoric  Acid. 

This  acid  was  discovered  by  Kozegarten^  but  first  accu- 
rately described  by  Bouillon  La  Grange. 

It  is  obtained  by  distilling  a  solution  of  camphor  in  nitiic 
acid/ repeatedly  adding  nitric  acid  till  it  amounts  to  £4  times 
the  weight  of  the  camphor.  Crystals  gradually  make  their 
appearance,  which  copsist  of  camphoric  acid. 

This  acid  is  snow-v^hite.  Its  crystals  are  parallelopipeds 
which  effloresce  in  the  air.  Its  taste  is  acid  and  bitter^  it  has 
the  smell  of  saffron,  and  reddens  vegetable  blues. 

It  dissolves  in  about  100  parts  of  cold  water,  but  is  more 
soluble  in  hot  water.  It  dissolves  in  alcohol.  The  salts 
which  it  forms  are  called  camphoraks. 

Sect.  VII.     Of  Oxalic  Acid. 

This  acid  was  discovered  by  Scheele,  and  first  described 
by  Bergman.  It  is  obtained  by  heating  a  solution  of  sugar 
in  nitric  acid. 
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It  crystallizes  in  sindl  four-sided  prisms,  terminated  by  di- 
hedral summits.  These  crystals  are  composed  of  77  parts 
acid  and  23  water.  When  exposed  to  heat  it  sublimes,  but 
at  the  same  time  is  partly  decomposed. 

These  Cfystals  have  a  very  acid  taste,  aud  redden  vegetable 
blues.  They  dissolve  in  their  own  weight  of  boiling  water, 
and  in  twice  their  weight  of  cold  water.  They  dissolve,  al- 
so, readily  in  alcohol. 

When  exposed  to  dry  air  they  effloresce;  but  in  moist  air 
diey  are  not  altered.  Neither  oxygen,  nor  the  smiple  com- 
bustibles or  jncombustibles  act  oil  this  acid.  It  oxidizes 
some  of  the  metals  ;  but  most  of  them  are  not  affected  by  it. 

It  combines  with  the  salifiable  bases,  and  forms  a  class  of 
salts  called  oxalates. 

Muriatic  and  ati^uc  acids  dissolve  it,  sulphuric  acid  decom- 
poses it  by  the  assistance  of  heat.  Nitric  acid  converts  it 
into  water  and  carbonic  acid. 

When  combined  with  a  base  and  distilled,  it  is  decompo- 
sed and  converted  into  water,  carbonic  acid,  carbonic  oxide, 
carbureted  hj/drogen,  and  charcoal.    It  is  composed;  accord- 
ing to  mj  experiments,  of  oxygen       64 
carbon       32 
hydrogen     4 

H^  100 

H    ■  Sect.  VIII.    0/  Mcllilic  Aci<t. 

This  acid  was  discovered  by  Klaproth,  in  the  mineral  called 
mellite  or  ho/tej/stone,  which  he  fomid  composed  of  alumina 
and  the  acid  in  rjuestion. 

It  b  obtained  by  boiling  the  mineral  powder  in  7  -J  tiine» 
its  weight  of  water,  filtering  the  liijiiid  aud  evaporating  suffi- 
cieotly.     The  meUitip  acid  crysCaUizes. 
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The  crystals  are  needles,  having  a  brownish  colour,  and  * 
sweetish  sour  taste.  It  ta  but  moderately  soluble  in  wateTi 
Nitric  acid  does  not  secLU  to  decompose  it.  It  reddens  ve- 
getable blues.  The  salts  which  it  forms  are  called  mellatet. 


Sect.  IX.     Of  Tartaric  Acid. 

This  acid  exists  in  the  salt  called  tartar,  ffom  which  i 
was  first  obtained  in  a  separate  state  by  Scheele.  The  pro 
cess  is  this : 

Dissolve  tartar  ia  water,  and  add  chalk  in  powder  as  loiq 
as  an  effei-vescence  continues.  A  white  powder  precipitates. 
Pour  on  this  precipitate  a  quantity  of  sulphuric  acid  equal  ii 
wraght  to  the  chalk  employed,  previously  diluted  with  wal 
and  digest  for  a  day  or  two.  Then  iilter  and  evaporate  tl 
liquid.    The  tartaric  acid  is  obtained  in  crystals. 

These  crystals  arc  white,  transparent  and  hard.     They  a 
very  irregular  four-sided  prisms,  composed  of  54' 5  real  adi 
and  15'5  water. 

It  is  not  altered  by  exposure  to  the  air.  At  212°,  it  melt^ 
and  becomes  as  liquid  as  water.  At  250°,  it  boils  without 
losing  its  transparency  or  acquiring  colour.  When  cooled  il 
concretes  into  a  hard  mass,  but  the  nature  of  the  acid  is 
changed.  It  has  now  acquired  the  property  of  deliquesciiu 
when  exposed  to  llie  air.  Wlien  dutilled,  this  acid  yields  a; 
acid  liquid  formerly  called  pyrotortarous  acid,  but  now  know 
to  be  the  acetic  disguised  by  means  of  an  emypreumatic  oU, 
When  combined  with  a  base  and  distilled,  tartaric  acid  is  d 
composed  and  converted  into  mater,  carbonic  acid,  heavy  i 
Jlammable  air,  and  charcoal. 

It  dissolves  readily  iu  water,  and  when  the  solution  is  djj 
luted,  the  acid  undei^oes  spontaneous  decomposition. 

None  of  the  simple  substances  produce  any  striking  efE 
upon  this  acid.     It  combines  with  the  salifiable  I 
forms  a  class  of  salts  called  tartrates. 


: 


KINIC  ACID. 


Sect.  X.     Of  Citric  Acid. 


This  acid  exists  in  the  juice  of  oranges  and  lemons,  and 
VOB  first  obtained  pure  by  Scheele.     His  process  was  this  : 

Saturate  lemon-juice  with  chalk.  A  precipitate  falls. 
Wuh  this  precipitate,  and  pour  on  it  as  much  sulphuric  acid 
a  will  saturate  the  chalk  employed,  previously  diluted  with 
at  times  its  weight  of  water.  Digest,  filter  and  evaporate 
tbe  liquid.     The  citric  acid  crystallizes. 

lliia  acid  crystallizes  in  rhomboidal  prisms.  The  crystals 
SK  not  altered  by  exposure  to  the  air,  The  taste  is  acid, 
lod  vegetable  blues  are  reddened  by  it.  It  dissolves  in  less 
Am  its  weight  of  water. 

It  is  not  acted  on  by  the  simple  substances.  It  oxidizen  a 
few  of  the  metals.  It  combines  with  the  salifiable  bases, 
iBd  forms  a  class  of  salts  called  citrates. 

Sulphunc  acid  decomposes  it.  Nitric  acid  converts  it  in- 
to oxalic  acid,  or  into  acetic  acid,  if  used  iu  excess, 

Sect.  XI.     Of  Xinic  Jcid. 

TWs  acid  was  discovered  by  Vauquelin,  in  a  salt  first  ob- 
lained  from  Jetiiits  hark,  by  Deschamps.  This  salt  is  a 
conpound  of  kinic  acid  and  lime. 

Vauquelin  dissolved  the  salt  in  water,  and  precipitated 
the  lime  by  means  of  oxalic  acid.  The  liquid  was  evapo- 
fated  to  the  consistence  of  a  syrup,  and  then  set  aside.  No 
crystals  formed  in  it  at  first,  but  on  being  touched,  it  wholly 
'fjstallized  in  diverging  plates. 

Its  colour  is  somewhat  brown,  its  taste  veiy  acid  and  bit- 
ter. It  was  not  altered  by  exposure  to  the  air.  It  is  very 
nluble  in  water.      It  does  not  precipitate  silver  nor  lead 
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firom  their  solutioftis.    When  heated  it  b  decomposed,  wi 
charcoal  remains  behind. 


Sect.  XII.     Of  Saclactic  Acid. 

This  acid  was  discovered  by  Scheele^  who  formed  it  hjri' 
gesting  sugar  of  milk  in  nitric  acid.  Fourcroy  and  Vanqiie* 
lin  ascertained,  afterwards,  that  it  is  formed  when  gum  is  bulk- 
ed with  nitric  acid  and  the  solution  allowed  to  cool.  A  widle 
powder  precipitates,  which  is  the  acid  in  question. 

Saclactic  acid,  thus  obtained,  is  in  the  form  of  a  white 
gritty  powder,  with  a  slight  acid  taste.  It  is  only  slighdy 
soluble  in  boiling  water.  The  solution  has  an  acidtsslie,  and 
reddens  vegetable  blues. 

The  compounds  which  this  add  forms^  with  the  salifial^ 
bases^are  called  saccolates. 

Sect.  XIII.    Of  Uric  Acid. 

This  acid  was  discovered  by  Scheele  in  urinary  calculi,  and 
first  cdlled  Jithic  acid.  But  this  term  was  afterwards  laid 
aside,  and  uric  acid  substituted;  because  this  acid  constitute! 
one  of  the  ingredients  of  urine.  ^  For  the  best  account  of  di6 
properties  of  this  acid  we  are  indebted  to  Dr  Henry. 

It  is  obtained  by  dissolving  the  calculi,  composed  dMj 
of  it,  in  alkaline  ley,  and  precipitating  by  means  of  muriatic 
or  acetic  acids.    The  white  powddr  which  falls,  when  wdl  • 
edulcorated,  is  pure  uric  acid.  ..  ''ji 

It  is  a  white  powder,  without  taste  or  smeU.    It  reddeni 
vegetable  blues,  and  requires  more  thali  1700  parts  of  ooUif> 
water  to  dissolve  it. 

It  dissolves  readily  in  fixed  alkaline  solutions;  but  not  isuii 
kaline  caAonates.  It  dissolves  in  nitric  acid,,  and  when  the 
solution  is  evaporated  nearly  to  dryness^  it  assumes  a  fine 


pink  colour,  nliich  becomes  much  deeper  when  \tater  is  ad- 
ded, so  as  to  have  a  near  resemblance  to  camiine.  The  wa- 
ter}' solution  of  this  matter  loses  its  red  colour  in  a  few  hours, 
and  it  cannot  afterwards  be  restored,  ^ 

Ox^-mumlic  acid  reailil;  converts  the  uric  into  the  oxalic 
acid. 

When  distilled,  carbonate  of  anunooia  b  obtained,  and  a 
saline  sublimate,  which  Dr  Hewy  has  ^onii  to  be  a  com- 
pound of  ammonia  with  a  peculiar-acid. 

Sect.  XIV.     Of  Malic  Acid. 

This  acid  was  discovered  by  Scheele.  It  exists  in  apples, 
ud  in  a  variety  of  vegetable  substances.  It  is  formed  also 
hj  the  action  of  nitric  acid  on  su^ar. 

Scheele  obtained  it  by  satiinitiiig  tiie  juice  of  apples  with 
pot^h,  precipitating  by  acetate  of  lead,  digesting  the  preci- 
pitate in  a  sufficient  quanlily  of  sulphiu'ic  acid  to  separate 
the  lead,  and  tlien  filtrating.  The  liquid  contained  pure  ma- 
lic acid. 

When  malic  acid  iii  obtained  by  the  action  of  nitric  acid 
on  sugar,  it  is  colourless ;  but  it  very  easily  acquires  a  brown 
colour  by  the  action  of  heat,  or  even  by  keeping  it  in  a  Hquitl 
state.  When  evaporated,  it  may  be  obtained  in  a  solid  stale; 
but  it  is  not  capable  of  crj-siallizing.  Its  taste  is  very  acid, 
and  it  dissolves  readily  in  water.  It  is  said  to  undei^o  spon- 
taneous decomposition ;  but  I  have  kepi  it  more  dian  two 
years  in  a  liquid  stale  without  observing  any  such  change. 
It  bears  a  strong  resemblance  to  the  citric  acid,  but  it  does 
not  crystallize,  forms  a  more  soluble  salt  with  lime,  and  pre- 
cipitates mercury,  lead  and  silver  from  nitric  acid,  wliich  ci- 
tric acid  does  not. 

The  conipouuds  which  it  forms  with  the  salifiable  bases, 
are  called  ma/ales. 


Sect.  XV.     Of  Suberic  Acid. 

'  This  acid  wss  obtained  by  Bragnatelli  by  digesting  com- 
mon cork  in  nitric  acid.  Its  properties  were  afterwards  mon 
investigated  by  Bouillon  La  Grange. 

It  does  not  crystallize  j  but  may  be  obtiuned  in  powder  or 
in  pellicles.  Its  taste  is  acrid  and  slightly  bitter,  it  reddent 
vegetable  blues,  attracts  moisture  when  exposed  to  the  air, 
but  is  not  VC17  soluble  in  water.  It  may  be  sublimed  with- 
out decomposition.  The  other  acids  dissolve  it  incomplete- 
ly.   The  salts  which  it  forms  are  called  suberates. 

Sect.  XVI.     Of  Formic  Acid. 

This  acid  exists  in  tlie  formica  rafa,  or  red  ant.  It  1MI 
noticed  in  a  paper  by  Mr  Ray  in  I67I,  in  consequence  of 
the  observations  of  tialse  and  Fisher.  But  its  propertiei 
were  first  investigated  by  Margraff.  Fourcroy  and  Vauque- 
lin  endeavoured  to  prove  tliat  it  was  a  mixture  of  acetic  and 
malic  acids;  but  the  experiments  of  Suersen  have  shown  dud 
thb  opinion  is  not  correct. 

This  acid  may  be  obtained  by  infusing  the  ants  in  water, 
distilling  oiF  the  water  as  long  as  it  comes  over  without  anj 
burnt  smell,  saturating  tlie  water  with  potash,  evaporating  to 
dryness,  mixing  the  residue  widi  as  much  diluted  sulphuric 
acid  as  ia  sufficient  to  saturate  the  potash  employed,  distilling 
this  mixture  to  dryness,  rectifying  the  liquid  that  conies  over 
by  a  second  distillation  with  a  moderate  heat.  The  liquid 
now  cuiitains  only  pure  formic  acid. 

This  liquid  is  colourless  like  water.       It  has  a 
smellj;  it  reddens  vegetable  blues,  and  has  an  acid  tastet 
specific  gravity  varies  from  V 102  to  1- 1 13,  whereas  the 
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concentrated  acetic  acirt  in  only  1080.  Notv\'itlistanding 
diis  superior  weight,  it  is  not  capable  of  neutralizing  so 
much  of  the  salifiable  bases  as  acetic  acid.  Lowitz  attempt- 
ed, in  vain,  to  procure  this  acid  in  ci^stals,  though  he  suc- 
ceeded ea^y  with  acetic  acid.  The  compounds  which  it 
forms  with  the  differeiii  bases  are  called  formates.  There  is 
a  Btriking  analogy  between  them  and  the  acetates. 


CHAP.  HI. 

OF  COLORIFIC  ACIDS. 

Under  this  name  I  include  three  substances  which  possess 
^Uch  peculiar  properties  that  they  ought  to  be  considered  se- 
parately from  the  combustible  acids.  These  arepriissic  acid, 
S^iUc  acid  and  tannin.  The  two  first  have  always  been 
*^Oiisidered  as  acids.  The  last,  though  not  acid,  is  so  inti- 
•*»atelj  comiected  with  the  gallic,  that  they  cannot  well  be 
Separated.  These  substances  possess  the  following  charac- 
ters. 

1.  Hiey  unite  with  alkaline  bodies,  but  do  not  seein  ca- 
pable of  neutralizing  them. 

2.  They  act  with  great  energy  upon  metallic  solutions. 
Usually  entering  into  combination  with  the  oxide,  and  precipi- 
tating it  ut  the  state  of  an  insoluble  powder. 

3.  They  have  a  tendency  to  enter  into  triple  compounds 
with  a  varie^  of  bodies,  especially  with  metallic  oxides  and 
»iisUes. 


Sect.  I.     0/  Prussk  Add. 

i^oi  important  substance  was  accidentally  discovered  by  u 
^Kmiit  of  Berlin  iu   1710.     This  chemist,   Diesliach   by 
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name,  found  out  the  method  of  preparing  pritssiart  d 
The  nature  of  this  pigmeiit  was  examined  by  Brown.  I 
it  was  Macquer  who  first  ascertained  its  nature  in  a  satis^ 
tory  manner.  In  consequence  of  his  eKpsriuients,  prusa 
blue  was  considered  as  a  compound  of  oxide  of  ii'on  vi^ 
peculiar  acid.  But  no  one  was  able  to  obtain  this  acid  V 
separate  state,  or  to  ascertain  its  properties,  till  Scheele, 
two  admirable  dissertations  published  in  17S3  and  17f 
pointed  out  a  method  of  procuring  it,  and  gave  a  detailed  i 
count  of  its  nature.  ^^ 

He  procured  the  prussic  acid  in  the  following  n 
He  boiled  in  a  matrass  a  mixture  of  10  parts  prussian  bit 
5  parts  red  oxide  of  mercury,  and  30  parts  of  water,  and  : 
tered  the  solution.    The  liquid  was  poured  upon  2|  parts 
clean  iron  jilings,  and  at  the  same  time  1  part  of  sulphuric 
acid  was  added  and  the  mixture  shaken.     The  iron  disap- 
peared and  a  quantity  of  running  mercury  was  precipitated  in 
its  place.     Distil  off  one-fourth  of  this  liquid  by  a  moderate 
heat,  what  comes  over  consists  of  water  holding  prusaic  acid 
in  solution. 

Prussic  acid,  thus  obtained,  is  a  colourless  liquid  like  wa- 
ter. It  has  a  strong  odour  resenililing  that  of  the  flowers  of 
the  peach  or  of  bitter  almonds.  Its  taite  is  sweetish,  acrid. 
and  hot,  and  it  is  apt  to  excite  cough.  It  does  not  alter  the 
colour  of  vegetable  blues.  When  swallowed  it  proveii  a  very 
virulent  poison. 

It  is  very  volatile,  and  evidently  capable  of  assuming  the 
gaseous  form,  though  hitherto  it  has  scarcely  been  examined 
in  that  state. 

It  is  capable,  when  dry,  of  withstanding  a  red  lieat  without 
decomposition,  but  when  water  is  present,  it  very  readily  uo- 
dergocs  change. 

It  combines  with  the  salifiable  bases,  and  forms  a  class  ol 
bodisB  called  prussuUes.     But  they  have  very  little  perma.- 
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aency,  being  decomposed  by  all  other  acids^  and  even  by  ex- 
posure to  the  atmosphere. 

It  is  capable  also  of  forming  triple  compounds^  in  >\'hich  it 
IS  combined  with  two  buses  at  once,  one  of  them  an  alkali  or 
earth,  the  other  a  metallic  oxide.  These  compounds  are 
much  more  permanent,  and  are  therefore  usually  employed 
by  chemists.  The  one  in  most  frequent  use  is  the  tripk 
prussiaie  of  potash,  a  yellow  coloured  salt  crystallizing  in 
cubes,  and  composed  of  prussic  acid,  potash  and  oxide  of 
iron. 

Scheele  succeeded  in  forming  prussic  acid  by  caushig  a 
current  of  ammoniacal  gas  to  pass  through  red  hot  charcoal, 
and  the  experiment  has  been  since  repeated  successfully  by 
ethers.  Hence  it  is  obvious,  that  diis  acid  is  composed  of 
tlie  constituents  of  ammonia  and  charcoal  united  together,  or 
of  hydrogen,  azote  and  carbon.  This  has  been  further  con- 
firmed by  Berthollet.  Oxymuriatic  acid  has  the  property  of 
altering  the  nature  of  prussic  acid,  and  renders  it  capable  of 
throwing  down  iron  from  solutions  green  instead  of  blue. 
To  the  acid  thus  altered,  Berthollet  gave  the  name  of  ory- 
prussic  acid.  When  heat  is  applied  to  it,  the  whole  is  con- 
verted into  carbonate  of  ammonia. 

Prussian  blue  may  be  formed  by  calcining  a  mixture  of 
potash  and  dried  blood  in  a  covered  crucible  in  a  heat  gradu- 
ally raised  to  redness.  Tlie  mass  is  dissolved  in  water,  and 
poured  into  a  solution  of  sulphate  of  iron.  A  green  coloured 
precipitate  falls,  which  becomes  prussian  blue  when  digested 
in  muriatic  acid.  The  triple  prussiate  of  potash  was  formerly 
called  phlogisticated  alkali.  It  is  still  useful  in  detecting 
diifferent  metals  in  solutions  by  the  colour  of  the  precipitate 
which  it  occasions^  es]>ecially  iroU;  which  it  throws  down  of 
a  deep  blue. 
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Sect.  IL     Of  Gallic  Acid. 

This  acid  forms  one  of  the  constituents  of  the  substai^ 
called  nutgails,  a  concretion  formed  on  die  oak  in  con^^ 
quence  of  the  puncture  of  insects.  Nu^alU  come  to  thii 
country  chiefly  ironi  the  Levant.  They  vary  a  good  denl  >» 
their  appearance.  Scheele  first  separated  gallic  acid  from 
nutgails.  An  infusion  of  nutgails  left  to  itself  for  some  tim^ 
becomes  mouldy  on  the  surface,  and  lets  fall  small  crystabi 
These  crystals  being  picked  out,  dissolved  in  w^r»  Bad  ob< 
tained  again  by  evaporatioui  constitute  gallic  acid. 

The  acid  obtained  by  this  procees  is  never  quite  pur^.  If  . 
the  mfusion  of  nu^alls'  be  evaporated  to  dryness,  apd  di^ 
po\vdered  residue  be  digested  in  pure  alcohol,  the  alcohq^ 
when  cautiously  distilled  to  l-8th,  leaves  a  residue  behind  it 
nearly  colourless,  which  is  soluble  in  water,  and  yields  by 
evaporation  gallic  acid  in  needles  much  lighter  coloured  and 
purer  than  that  obtained  by  the  first  described  process* 

Gallic  acid  is  white,  usually  with  a  shade  of  brown  or  yd- 
low.  It  is  crystallized  in  needles  or  transparent  plates.  lb 
taste  is  acid  and  somewhat  astringent,  and  when  heated,  il 
exhales  a  peculiar,  and  rather  unpleasant  aromatic  odour. 
It  is  soluble  in  If  parts  of  boiling,  and  in  12  parts  of  cqU 
water.  When  the  solution  is  heated,  the  acid  is  decqBi|Nh 
sed.  When  long  kept,  it  becomes  darker  colouredj  9pji  Ae 
'acid  is  Ukewise  altered  in  its  properties. 

W  hen  heated,  it  sublimes,  but  its  propcrti^  are  someKvlut , 
altered.     When  distilled,  it  yields,  like  other  vegetable  agdij^ 
carbonic  acid  gas,  and  heavy   inflammable  air.     Water  j^. 
also  formed,  and  a  portion  of  the  acid  escapes  slightly  mofSk 
fied  in  its  nature. 

It  is  not  altered  by  exposure  to  the  air.     Neither  oxygen; 
gas,  the  simple  combustibles  or  incombustibles  seem  to  pro- 
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luce  any  effect  upon  it.     The  action  of  the  netals  is  iin- 

The  compounds  of  this  acid,  with  the  Ealtfiable  bases,  ai«.J 
caUeAgallaUs.  They  have  scarcely  been  examined.  Wheagal-^j 
lie  acid  ia  diopt  into  lime,  barytes  or  stronlian  water,  it  strik 
B  bluish  red  colour,  and  occasioiiH  a  flaky  precipitate, 
occasions  a  precipitate  likewise  when  poured  into  the  sol 
tions  of  yttria,  glucina  or  zifconia  iil  acids.  Upon  metai 
Botutions  it  acts  with  considerable  energy,  changing  their  ( 
lour,  and  occasioning  precipitates  in  many  of  them, 
vith  iron  it  strikes  a  dark  blue,  or  almost  black  colour*  J 
When  it  precipitates  metallic  oudes,  it  seems  to  bring  iheili  J 
Dearer  to  Uie  metallic  state,  and  sometimes  reduces  them  al*  J 
together.  Thus  gold  is  precipitated  by  it  in  the  meta 
atate. 

ISect.  m.     Of  Tannin. 
tgatls,  besides  gallic  acid,  contain  several  constituent^ 
Dtns  of  the  most  cm'ious  and  important  of  these  i: 
which  is  to  occupy  our  attention  in  this  section. 

Tannin  was  first  pointed  out  in  vegetables  by  Deyeui^ 
though  some  of  its  properties  had  been  noticed  long  befoiq 
by  X<ewis.  ^eguin  first  pointed  out  its  great  importance 
tnmiing,  and  hence  the  name  was  given  it,  by  which  it  L 
present  known.  Proust  endeavoured  to  obtain  it  in  a  si 
fate  atate.  Mr  Davy  added  to  our  knowledtje  of  its  pro 
ties.  But  it  is  to  Mr  Hatchet  that  we  are  indebted  for  t 
most  important  set  of  new  facte.  He  pointed  out  a  niethot 
of  making  it  artificially  from  almost  all  animal  and  vegetabl 
substances.  As  Mr  Hatchet's  tannias  ditftrs  in  several  r©^" 
spects  from  the  tanniii  of  nutgalla  and  other  astringent  sub- 
Ifnrri,  it  will  be  proper  to  divide  this  scciivu  iuto  two  parts. 
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.  Natural  Tannin, 


No  unexceptionable  method  of  obtaining  tannin  i 
nut-galls,  in  a  state  of  complete  purity,  has  jet  been  &SC01 
ed.     The  best  method  is  tliia  : 

Make  an  infusion  of  niit-galls  in  water,  evaporate  file  iB 
Hon  to  dryness,  piijverize  the  residuum  and  digest  Ae  povH 
in  repeated  portions  of  pure  alcohol  till  that  liquid  c 
dissolve  any  thing,  'l^e  residue  is  tannin  tolerably  pu 
It  may  be  dissolved  in  water  and  precipitated  by  acetate'; 
lead.  The  edulcorated  precipitate  being  mixed  with  wal 
snd  a  current  of  sulphureted  hydrogen  passed  through  it,  f 
lead  combines  with  sulphur  and  remains  uisolubJe;  while  I 
tamim,  thus  set  at  liberty,  dissolves  iu  the  water  and  aoay 
obtained  by  evaporating  [he  liquid. 

Tannin,  tlms  obtained,  is  a  biittle  substance  of  a  brtf 
colour,  with  au  astringent  tasle  bite  that  of  nut-galls.  It  i 
solves  readily  in  water,  and  the  solution,  according  to  Ttom 
dorf,  is  not  liable  to  become  mouldy.  Pure  alct^I  d 
not  dissolve  it ;  but  it  is  soluble  in  alcohol  diluted  witl 
little  water,  as  for  example  in  alcohol  of  OSIS  of  s 
gravity,  which  contains  1-lOth  of  its  weight  of  water. 

It  seems  capable  of  combining  witji  oxygen,  but  its  j| 
perties  are,  by  tliat  means,  completely  altered;  beii^ ^ 
cording  to  Proust,  a  species  of  eiiractive, 

Tlie  action  of  the  simple  combustibles  on  tannin  is  u 
known.  The  action  of  the  metals  is  probably  small,  but 
combines  witli  most  of  ihe  metallic  oxides,  and  forma  COflj 
pounds  which,  for  the  most  part,  are  insoluble  in  W»Wi 
Thus  h  strikes  a  deep  blue  or  black  vilh  solutions  of  ire 
and  if  the  solutions  be  diluted,  the  conipouud  of  tauuin  ai 
the  oikide  of  iron  prticipitates. 


mi 


When  a  soliitiou  of  glue,  or  gelatine  as  chemists  term  it, 
is  poured  into  an  aqueous  solution,  a  precipitate  immediately 
falls.  I'his  precipitate  cousists  of  t^oinin  and  gelatine  com- 
bined together.  It  is  insoluMe  in  water,  and  composed,  ac- 
cording to  Davy,  of  54  gelatine  and  46  taniun.  This  pro- 
perty renders  gelatine  a  very  delicate  test  of  taiuun,  which  it 
detects  when  it  exists,  even  in  small  proportion,  in  vegetable 
liquids. 

The  alkalies  combine  with  taniun,  and  prevent  it  from  pre- 
cipitating gelatine  till  they  are  saturated  i,vid>  an  add. 
_The  earths  combine  witti  Uumin  and  form  witb  it  com- 
S  nearly  insoluble,    ilcnce  they  precipitate  it  from  the 

psion  of  nut-galls. 

Idost  of  the  acids  comlnue  with  tannin,  and  form  loluble 

lD{>ounds  witli  it.  Arsenic,  mtuiatic  and  sulphuric  acids 
■ecipitate  it  from  water.     The  suipLuric  acid  gradually  (L' 

qijKtses  it.  Nitric  acid  also  ^lecomposes  it,  aud  a  substance 

krnied  having  the  properties  of  malic  acid. 

puch  are  the  properties  of  the  tannin  of  out-gaUa,  at  far  u 
y  have  been  ascertained.  The  difficulty  of  obtaining  it  in 
a  state  of  purity  renders  some  of  Uiem  ambiguous,  and  has 
induced  chemists  to  employ  the  iufusion  of  nut-galls  li|  their 
•'\p«'nnicnts  rather  tlian  tannin. 

'I'his  infusion  is  employed  in  considerable  quanOI)'  by  dy- 
■  is,  and  it  forms  the  principal  ingredient  of  coimotoa  laitiiig 
ink.  Tbis  liquor  consists  of  a  siolutionof  suliihate  of  iron 
iu  the  infusion  of  nut-galls;  No  ,odier  sail,  of  iron  tried  an- 
swers so  well  as  the  sulplipte,  ,The  dt^jjest  black  is  formed 
when  equal  weights  of  uut-galls  and  of  sulphate  of  iron  are 
employed.  But  it  is  not  permaiieut  unless  the  nut-galls 
anioiuit  to  about  thrice  the  weight  of  the  sulphate.  Ilic 
best  ink,  according  to  Dr  Lewis,  who  made  many  e\i)eri- 
nienls  on  the  Bubject,  may  be  made  by  means  of  die  follow- 

KJorreula. 

m3 
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Logwood,     •    .    .     .    .     .  1  ocuice. 

Nut-galls^  in  powder,   ...  3 

Green  vitriol,      .  ^ .     .     .     .  1 

Water, 1  or  2  qiiutB. 

Boil  the  l<^wood  and  the  nut-^alls  in  water,  addii^  neW  li- 
quid in  proportion  to  th^  evaporation,  dien  strain  diroi^  a 
cloth  and  dissolve  the  green  vitriol,  adding  at  the  same  tiU6^ 
one  ounce  of  gum  arable  and  a  little  sugar.  Some  recom- 
mend  the  addition  of  a  Htde  cloves  to  prevent  the  ink  from 
moulding. 

Tannin  exists  in  many  other  substances  besides  iiOt-gaOs. 
The  barks  of  many  trees,  th^  substances  called  catedm  and 
kino,  logwood,  brazil  wood,  fustiek  and  many  Other  v^etaUe 
hoSes  yield  it  in  abundance.  From  the  experiments  cf 
l^roust,  it  appears  that  it  varies  in  its  qualities  in  these  bo- 
dies, or  that  there  are  different  species  of  tannin  varying  from 
each  other  in  se\'eral  respects,  especially  in  the  colour  which 
they  strike  with  iron.  Some  precipitate  that  metal  bhckf 
some  green,  and  some  flesh-red. 

£.  Artificial  Tannin. 

The  important  discovery,  tfhat  a  substance  capable  of  tan- 
ning leather  like  the  tannin  of  nut-galls,  may  be  formed  arti- 
ficially, was  mcnle  by  Mr  Hatchett  in  the  course  of  a  set  of 
experiments  on  the  slow  carbonization  of  vegetable  bodies^ 
and  detailed  by  him  in  various  papers  read  to  the  "Rxtpl  Scf* 
ciety  in  1805.  ♦     ■ 

To  form  it,  we  have  only  to  digest  diluted  nitric  acid  cdk 
charcoal,  till  the  whole,  or  nearly  the  whole,  is  dissolved^ 
and  evaporate  die  solution  to  dryness^;  a  brown  coloured  mat? 
ter  remains^  which  is  artificial  tannin.  100  grains  of  dmr- 
coal,  by  this  process,  were  converted  into  120  grains  .of  arti- 
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ficial  laimin.  A  part  ef  this  increase  is  moisliiro,  and  it  ia 
very  difficult  to  get  rid  of  llie  whole  of  the  nitric  acid,  a  por- 
tion of  which  adheres  to  the  taniiiu  witli  great  olwtinacy. 

Taunin,  thus  prepared,  is  a  substance  of  »  brown  colour, 
it  has  considerable  lustre,  and  breaks  with  a  vitreous  frac- 
ture. Its  taste  is  very  bitter  uud  highly  astringent.  It  has 
no  smell.    It  dissolves  readUy  in  cold  water,  forming  a  brown 

jotired  solution.     Alcohol,  of  the  speciHc  gravity  0'800, 

B  dissolves  it. 

fhe  solution  is  precipitated  by  gelatine  very  readily.   The 

cipilate  is  brown,  and  composed,  according  to  Hatchett, 

\B^  tannin  and  64  gelatine. 
Lilpburic  and  muriatic  acids  fomi  a  precipitate  when 
red  into  solutions  *>{  artificial  t^uiui.     Nitric  acid  does 
iKJt  tleiioiupose  it  nor  alter  its  properties.     TTiis   forms  a 
marked  distiuction  betwteii  oatiu-al  and  artificial  tannin. 

The  alkalies  unite  willi  it,  and  prevent  it  fwm  precipitating 
gelatine  till  ihey  are  saturated.  The  alkaline  earths,  and 
most  of  tlie  metallic  oxides  form  insoluble  compounds  with 
it.  Hence  it  precipitates  most  of  these  bodies  from  their 
solutioiis. 

When  distilled,  artificial  tanniit  yields  water,  a  litile  nitric 
:i'.ld,  and  a  yellow  colourwl  liquid;  on  railing  the  lire,  am- 
ri'tiitacal  gas  ht  disengaged  with  great  rapidity,  this  is  foUow- 
I  1  by  carbonic  acid  gas,  and  a  gas  possessing  tlie  properties 
of  azoUs.  A  bulky  charcoal  remains  behind.  From  these 
remits  n  \»  obvious  that  this  substance  consists  of  o\ygen, 
azote,  hydrogen  and  carbon.  Tiie  last  ronsdtuent,  no  doubt, 
preiloniinates.  i.' 

Mr  Hatchett  has  shown  tiiat  every  rtrarcoal,  both  "ffbm" 
Animal  and  vcgeUble  substances,  provided  it  be  in  the  stAfe 
of  charcoal,  yields  artificial  taimin  when  digested  with  nitric 
acid.  He  has  pointed  out  two  other  methods  of  procuring 
i.  sttbstance  possessed  of  sunilar  properties.  The  first  is  by 
M  4 
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CnAT.  lU. 


dissolving  indigo  and  the  resins  or  gum  resins  in  nitric  acid, 
and  digesting  them  for  a  Considerable  tinie  in  that  liquid. 
When  the  solution  is  evaporated  to  dryness/ a  yellovv  coloiuv 
ed  matter  remains^  vi'hich  possesses  the  properties  of  igrtificial 
tannin.  The  second  method  is  by  dissolving  camphor  and 
the  reshis  in  sulphuric  acid,  digesting  till  the  solution  be- 
comes black,  and  then  precipitatmg  by  pouring  it  into  cold 
ivater.  If  the  black  powder  which  falls  be  digested  in  alco- 
hol, a  brown  matter  is  taken  up  which  possesses  many  of  the 
properties  of  artificial  tannin. 

Such  are  the  properties  of  the  colorific  acids.  Thejract 
ivith  most  energy  on  metallic  solutions,  forming  precipitates 
iiv'hich  vary  in  their  colour  according  to  the  metal.  It  is  tlus .; 
property  which  renders  them  of  so  much  importance  in  ^ . 
chemical  point  of  view.  The  followuig  table  exhibits  a 
vievf  of  the  colours  vyhich  th^e  bpdies  strike  with  the  diffe- 
rent metals,  as  far  as  is  known. 


Prussiate  of 
Fotash. 

Gallic 
Add. 

Infusion  of 
Nut-gails. 

Artifidd 

Gold 

Yellowishwhite 

Reduced 

Reduced 

Reduced 

Platiniun 

0 

0     V 

0 

SUver 

• 

White 

Yellowis.  brown 

Yellowis.  brown 

Yellow 

MercfU7 

White 

Orange  yellow 

Orange  yellow 

TeOow 

Palladivm 

oiUve 

■  ■ 

,       1 

;!  I"- • 

Rhodium 

0 

Iridium 

Become!  co]«iil-<^ 
.  less 

1  ./» 

0 

Becomes  colonr- 

less 

Osmium 

■  "i  ■  ■ 

1 

Blue                              t 
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Prussiate  of 
Potash, 

GaUic  Acid, 

Infusion  of 

Artificial 
Tannin, 

• 

popper 

Greenish  yellow 

Brown 

0  Becomes  olive 

Olive 

Iron 

Blut 

■   1 

Black 

i 

Black 

Brown 

Mickel 

Green 

White 

Grey 

nn 

White       'i 

• 

•  .      0*'--' 

Brown 

Blackishgrey 

L^ 

White 

White 

1 .    . 

White 

Brown 

■  ■  / 

Zinc. 

White  r 

0 

0 

0 

Biamith 

White 

Orange 

1    ' 
Orange 

« 

Andmopy 

0 

White       ' 

j{'     White       . 

YeUow 

TeUsrimn 

.    0 

1 

,               • 

Yellow 

Anenic 

White 

0 

*        0 

YeDow? 

CoMt 

Brown  yellow 

0 

Yellow  white 

MsDganeae 

Yellow  white 

Q 

Cbromium 

• 

Green 

Brown 

• 

•  ■ 

■ 

uranimn 

-J-     .    ■ 

Brown  red 

Chocolate ' 

> 

ToDgiten 

Brown 

Straw  yellow 

ntaniinn 

Yellowis.  brown 

Blood  red 

^^wMftbiuna 

Olive- 

Orange 

fO^inm' 

White                    0 

0 

:iA?.  IT. 


•  •  •    •       -r«_ 


.=,.a.    ...a«i«=^^.  -^a^v  ouiuDosed  of  car- 
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^*    --->.        .   AlcohoL 

Jiiuineitt. 
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•3I*=  ■     -?.  ■    -     i-  -.i       .is,  •?; 


■      ■•'-'/. 


1^- 


■'-     "■''■'^'     ■      ^'  •-         :i:ic,  :s  obtained 

-n.-.n.^eMitfu   -iuui^  an.  subjected  to 

-•-nis     ere     uacuuuuueu    vmh  it     W« 

'—    ■:-    f    -us    ..uu,    ?ui  :i  ,vas 'known 

n<.   :irrnuuce«    v   .icm  .uiu  puarmaomi. 

••'     .'-M*>ii    4    eraenteu    iquora  that  anknt 
-'■r-'-i    ,nri   fiev  pt:tive    ariuiumaaie* according 

-  -.f  -  Vofn  he  rV-rraenceii  juice  of  tbe  «m- 
' '/  '^  '/rt  iToni  '^he  rermemed  lotiiaon  of  maS 
".  .r '^  nt  :jp!r,u  consist  almost  aidrely  of  3 
-  •  /  •  ff'^r,  ^irn  .^pint  or  alcohol,  and  a  litdc 
•hI  .  .  '  •  '  ■  i.i'J.  ^hrv  "'^'^  fhftir  davour  and  colour- 
'   1...  .f..       f..f..pf.,  tnr  r^rli^illed,  the  &st  portion  that 
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Dtnes  over  is  a  fine  light  transparent  liquid,  fcnoA'n  in  com* 
lerce  by  the  name  of  redlfied  xpirits.     Wiieii  as  highly  reo 
fied  as  possible,  the  specific  gravity  of  the  liquid  obtained 
oeB  not  appear  to  be  less  than  0'82O,  and  is  gimerally  more. 
Ucohol,  by  this  process,  cannot  be  deprived  of  the  whole  of 
be  water  with  which  it  is  combined.     The  beat  method  of. , 
ttting  rid  of  the  water  is  to  evpose  a  quantity  of  the  stit  I 
jlied  muriate  of  lime  to  a  red  heat,  to  put  it  iiitu  a  retotta 
rfailc  still  warm,  and  to  pour  over  it  a  portion  of  alcohol  oCl 
boat  O  8®),  nearly  equal  to  it  in  weight.     The  alcohol  di*-.  J 
i>lTes  die  salt,  and  much  heat  is  evolved.     This  mixture  tt  ] 
0  be  exposed  to  heat  and  the  alcohol  distilled  off.    "The  salt^| 
elaios  the  water,  and  die  alcohol  come»  over  of  the  specifN.H 
lavity  0791  at  63",  or  0?96  at  60°.     In  this  Slate  it  is 
Irougest  alcohol  diat  can  be  procured.     It  is,  therefort 
slled  pure,  or  /iltso/ufe  alrohot.    Tlie  alcohol  of  commettfifl 
5  uever  so  strong  as  this,  its  specific  gravity  is  seldom  imd( 
>8;;7. 

Alcohol,  thus  procured,  is  a  transparent  liquid,  cotoorleti 
us  water,  of  a  pleasant  smell  and  a  strong  penetrating  agre(H 
able  laste.  When  swallowed  it  produces  intOMcution.  It 
enmot  be  frozen  in  tbe  gieatcst  degree  of  cold  to  which  it 
\as  been  exposed,  and  it  has  been  cooled  down  in  thermo- 
meter tubes  to  —91".  It  18  very  volatile,  evaporating  spon- 
hUKOUsly  at  the  conmion  temperature  of  the  atmosphere. 
When  heated  to  1731°  it  buila,  and  is  converted  into  an 
tianic  lluid,  possessing  ihe  mechanical  properties  of  air,  but 
More  than  twice  as  heavy. 

It  combines  with  waier  in  every  proportion,  and  forms  spi- 
rits of  different  degrees,  of  strength  according  to  the  quantity 
of  water  present.  The  commoD  spirits  of  commerce  are  no- 
Ihing  else  than  such  combinations  of  alcohol  and  water.  The 
proportion  of  alcohol  present  in  ihese  liquids  is  best  judged 

Ll)y  their  specific  graviqi.     The  specific  gravity  of  pure 
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alcohol  is  0*796.  That  of  water  1000.  Hence  the  li^ 
a  spirit  is  the  stronger  is  it.  Alcohol  of  0'82O  contuv 
nearly  1-lOth  of  its  weight  of  water;  alcohol  of  0*840  coo- 
tains  V^  P^^^  ^^  water.  What,  in  this  couqtryi  is  callej 
proof  spirits,  is  of  the  specifu;  gravity  0'9^-  It  was  iiiida<- 
atood  to  be  a  mixture  of  equal  bulks  of  alcohol  and  water. 
This  however  is  not  the  case.  It  contains  O'oQ,  of  its  we^ht 
of  water.  When  spirits  are  weaker  than  0*920,  they  are 
said  to  be  wider  proof;  when  stronger,  to  be  above  proof. 
The  spirits  retailed  in  Scotland  are,  almost  always,  under 
proof,  and  sometimes  indeed  very  weak. 

Neither  common  air  nor  oxygen  gas  act  upon  alcohol  at 
the  common  temperature,  but  in  high  temperatures  the  cas^ 
u  different.  When  alcohol  vs  kindled  in  the  open  air,  it  buim 
all  away  without  leavijog  any  residuum.  The  flame  is  hlue| 
and  if  the  vapours  emitted  be  collected,  they  are  found  ffi, 
consist  of  carbonic  acid  and  water,  and  the  portion  of  water 
formed  is  greater  tlian  the  whole  of  die  alcohol  consumed., 
When  the  vapour  of  alcohpl  is  mixed  witli  oxygen  gas^  it  may 
be  kindled  by  an  electric  spark,  provided  the  temperature  be 
above  70^,  a  detonation  takes  place,  tlie  alcohol  is  consumed 
and  water  and  carbonic  acid  fcMrmed.  When  alcohol  is  pas- 
sed^ in  the  state  of  vapour,  through  si  red-hot  porcelaip  or 
metallic  tube,  it  is  decomposed  and  a  variety  of  new  pro* 
ducts  evolved.  Tliese.are,  ,1.  a  great  quautity  pf  inflam- 
mable air,  which,  accorc^ng.to  Saussiu-e  junior,  coonsts  of 
oxygen,  hydrogep,  carbon, /and  azote;  2.  A  lit^e  dnurcqal; 
3.  A  little  oil,  partly  in  crystals,  partly  fluid ,  4.,  A  pMOition 
of  water  holding,  in  solution,  traces  of  acetic  apid  an4  ^P^ 
monia ;  5*  A  little  of  an  acid  which  resembles;  the  benzoic. 
By  estimating  the  proportions,  of .  ingredients  formed  in  th^ 
decompositions,  chemists  have  endeavoured  to  ascertain  the 
constituents  of  alcohol.  The  following  is  the  result  obtained 
by  Saussure  junior,  wh6  has  lately  published  an  elaborate 
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set  of  experimeats  on  the 

constituents  of  a 

composed  of 

1 

Oxygen, 

»    •    •    1 

.     37-85 

Carbon, 

1    1 

>      • 

.     43-65 

Hydrogen,  . 

>    i 

»      •      < 

.     14-94 

Azote,     .     . 

>              4 

»      •      1 

.       3-52 

Ashes,     .     . 

1              < 

1      •      • 

0-04 
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Alcohol  has  little  action  on  the  simple  combustibles. 
On  hydrogen  and  charcoal  it  seems  to  produce -no  effect. 
But  it  dissolves  a  liitle  phosphorus  am}  sulphur.  If  phos^ 
phureted  alcohol  be  dropt  into  water,  a  lambent  flame..  i» 
observed  playing  on  the  surface  of  the  liquid,  and  the  phos- 
phorus is  disengaged. 

Alcohol  dissolves  the  fixed  alkalies.  It  is  by  means  of  it, 
indeed,  tiiat  these  bodies  are  obtained  in  a  state  of  purity. 
Tbe  earths  are  scarcely  acted  on  by  alcohol.  It  absorbs  a 
quantity  of  nitrous  gas,  which  cannot  after^'ards  be  expelled 
by  heat. 

The  strong  acids  decompose  alcohol.  The  rest  combine 
with  it,  and  form  a  set  of  compounds  hitherto  but  little  exa- 
mined. It  dissolves  also  a  considerable  number  of  salts,  es- 
pecially  die  acetates,  muriates  and  nitrates.  Tlie  sulphates 
wcfi  all  insoluble  in  it.  The  colour  of  the  flame  of  alcohol 
b  tilled  by  various  bodies.  Thus  nitrate  of  strontian  tinges 
it  purple ;  boracic  acid  and  the  cupreous  salts  tinge  it 
green;  muriate  of  lime  gives  it  a  light  red  colour;  nitre  and 
•xymuriate  of  mercury  a  yellow  colour. 
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Sect.  II.     Of  Ethers. 

When  alcohol  is  iU:ted  upon  by  several  of  the  acids,  a  fri- 
gnmt  liquid  is  formed^  to  which  the  name  of  ether  has  been 
given.  These  ethers  are  named  from  the  acid  employed  k 
forming  them.  As  they  differ  in  their  properties,  it  will  be' 
requisite  to  describe  them  separately. 

,      1 .  Stdphuric  Ether, 

This  liquid  was  known  about  the  end  of  the  15th  ceotmj, 
and  some  of  its  properties  w^«  described  by  Boyle ;  botdie' 
attention  of  chemists  was  first  drawn  to  it  by  a  peeper  prib- 
lished  iu  the  Philosc^Aical  Transactions  for  1730,  by  a  Go^ 
man  who  called  himself  Dr  Frobenius. 

It  may  be  obtained  by*  distilling  a  mixture  of  equal  patli' 
of  alcohol  and  sulphuric  acid  in  a  glass  retort,  to  wUch  t 
large  receiver  is  attached.  The  ether  condenses  in  the  re- 
ceiver. When  first  prepared  it  contains  some  sulphunwt 
acid,  which  is  removed  by  putting  some  powdered  chalk  into 
it,  and  agitating  repeatedly  in  a  close  phial,  till  the  sulpbh 
rous  acid  smell  is  dissipated*  The  ether  is  then  distilled  a 
second  time.  It  still  retains  a  portion  of  alcohol  from  which 
it  may  be  freed  by  adding  to  it  dry  muriate  of  lime  as  loog 
as  it  will  dissolve  that  dry  salt,  and  leaving  the  solution  in  a 
well  corked  phial.  The  muriate  of  lime  dissolved  in  the  al- 
cohol gradually  subsides,  and  the  pure  ether  floats  on  the  top* 
It  may  be  decanted  off. 

Ether  thus  obtained  is  a  limpid  and  colourless  fluid  VSkt 
water.  It  has  a  peculiar  and  agreable  smell,  and  a  hot 
pungent  taste.  Its  specific  gravity  when  pure  is  only  0*63fi 
at  60° ;  but  the  ether  of  commerce  is  seldom  lower  flian 
0.775,  owing  to  the  alcohol  which  it  contains.  ' 

IX  is  so  vohttite  that  it  cannot  be  poure4  from  one  vessel 
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to  another  witliout  considerable  loss.  When  exposed  to  the 
D|)en  air,  it  disappears  in  a  very  short  time.  I(  boils  at  ti8% 
and  ill  a  vacuum  at  —'20°.  When,  evaporated,  it  produces  a 
coibiderable  degree  of  cold,  so  that  water  may  be 
£r<ueii  by  means  of  it  e^en  in  summer.  The  specihc  gnt? 
^  of  the  vapour  of  ether,  according  to  Dalton,  is  S'25, 
tlutof  air  being  100.  When  ether  is  exposed  to  a  cold  of 
— 4fi',  it  freezes  and  crystallizes. 

Neither  oxygen  gas  iior  aii^  produce  any  effect  upon  ether 
at  the  conmioii  temperature  of  the  atmosphere;  but  \then 
kindled  iu  contact  with  dicse  fluids,  it  burns  v\ilh  a  strong 
wbite  Aauie,  giving  out  a  great  deal  of  Ught  and  heat.  The 
products  m  this  case  are  carbonic  acid  and  water.  It  coq- 
muei  during  its  combustion  about  7  times  its  bulk  of  oxy- 
^11,  supposing  the  ether  iu'the  gaseous  state.  When  mixed 
vith  oxygen  gas  iu  that  proportion,  it  explodes  very  loudly 
then  an  electric  spark  is  passed  through  the  mixture.  Va- 
lious  attempts  have  been  made  to  estiuiate  the  constituents 
of  eUier  by  cousumiug  it  with  oxygen  gas,  and  ascertaining  the 
products  obtained.  The  following  is  the  composition  o£ 
ether,  according  to  the  experiments  of  Saussure,  junior. 
Carbon,  .  .  .  58-20 

•  Hydrogen,  .  2'J14 

Oxj-gen, . .  ■  ly-m 
100-00 

These  numbers  indicate  a  much  greater  proportion  of  car- 
bon and  hydrogen,  and  a  much  smaller  proportjun  of  oxygen 
iu  sulphuric  ether  than  in  alcohol. 

When  ether  is  passed  through  a  red  hot  porcelain  tube,  it 
is  decomposed  and  convei  ted  into  oil,  chaicoal,  water,  and  a 
great  proportion  of  lii'uvy  iuHammiible  gas. 

Ether  combines  only  iu  a  small  proportion  with  water. 
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Ten  parts  of  that  liquid  dissolve  about  one  part  of  ether,    i 
But  alcohol  unites  with  ether  in  any  proportion. 

Ether  dissolves  a  little  phosphorus  and  sulphur,  but  doci 
not  seem  to  act  upon  the  other  simple  combustibles.  It  bn 
no  action  on  the  metals,  but  revives  those  metallic  oxides 
which  readily  part  with  their  oxygen,  as  the  oxides  of  gold, 
and  silver.  It  dissolves  the  muriate  of  gold,  and  the  oxymu- 
riate  of  mercury. 

It  does  not  appear  to  have  any  action  on  the  alkalies  or 
earths.     It  readily  dissolves  ammonia  and  nitrous  gas. 

Sulphuric  acid  seems  capable  of  converting  it  into  sweet  oil 
of  wine.  Oxymuriatic  acid  sets  it  on  fire  spontaneously.  Hie 
action  of  the  other  acids  has  not  been  ascertained. 

It  dissolves  the  fixed  and  volatile  oils,  and  bitumens,  hot 
does  not  act  upon  gums. 

From  its  constituents,  as  ascertained  by  Saussure,  compared 
with  those  of  alcohol,  it  is  obvious  that,  during  the  formatioo 
of  sulphuric  etlier,  the  alcohol  is  decomposed.  This  decom- 
position, according  to  Fourcroy  and  Vauquelin,  is  owii^  to 
the  high  temperature  to  which  the  alcohol  is  subjected  ia 
consequence  of  being  prevented  from  evaporating  so  easilj 
by  tlie  sulphuric  acid  with  which  it  is  combined. 

2.  Nitric  Ether. 

This  ether  is  mentioned  by  some  of  the  older  chemists, 
but  its  properties  were  almost  unknown  till  it  was  lately  exa- 
mined by  Thenard. 

It  may  be  formed  by  distilling  a  mixture  of  equal  parts  of 
alcohol  and  nitric  acid  of  the  specific  gravity  1*233  in  a.  re- 
tort, from  which  passes  a  tube  that  goes  to  the  bottom  of  a 
tall  glass  jar  half  filled  with  a  saturated  solution  of  common 
salt  in  water.    Several  of  these  jars  are  connected  together 


by  tubes,  aiid  from  tjie  last  a  tube  passes  to  convey  llie  gase- 
ous products  to  the  water  trough.  The  ether  condenstis  on 
the  surface  of  the  liquid  in  these  jars.  It  coutaius  at  first  a 
little  nitrous  and  acetic  acids,  fronL  which  it  is  purified  by  agi- 
tgtiou  with  challc  in  a  close  phial  t|Il  it  ceases  to  redden  ve- 
^tsble  blues. 

Nitric  ether  dius  prepared  has  a  pale  yellow  colour,  and  a 
very  strong  etherial  odour.  Its  taslc  is  strong  and  quite  peculiar. 
It  is  rather  heavier  than  alcohol,  but  nnich  more  volatile  than 
lulphuric  ether.  Hence  it  only  moistens  bodies  for  a  mo- 
meqt,  and  produces  a  considerable  cold  by  its  evaporadon. 
The  beat  of  the  hand  is  sufficient  to  make  it  boil. 

It  dissolves  in  43  parts  of  water,  and  comninnicates  to 
tliat  liquid  an  odour  like  that  of  apples.  It  dissolves  in  alco- 
hol in  any  proportion.  It  burns  uilli  a  wliite  flame,  and  as 
brilliantly  as  sulphuric  etiier.  When  kept  for  some  time, 
both  nitric  and  acetic  acids  are  evolved  In  it.  The  same 
acids  make  tlieii"  appearance  if  the  eiher  be  healed,  or  if  it 
be  agitated  in  water.  When  brought  incontact  with  a  little 
of  these  acids,  it  instantly  absorbs  thein,  and  acquires  the  pro- 
perty of  reddening  vegetable  blues. 

At  the  temperature  of  70',  it  quintuples  the  bulk  of  gases. 
At  that  temperatme  its  vapour  is  capable  of  supporting  a 
Column  of  mercury  2371  inches  high.  .  Heuce  its  boiling 
point  is  obviously  only  a  degree  or  two  above  70°. 

From  tlie  analysis  of  Theuard,  the  constituents  of  nitric 
ctber  are  as  follows : 

Oxygen,  .  .  .  4S'J2 
Carbon,  .  .  .  'iS^.j 

Aifote l4-4y 

Hjdrogen,  ■ .  S'J4 
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It  is  probable  that  it  contains  nitric  atfd  ready  forined,  9» 
one  of  its  constituents,  and  that  this  acid  b  neutralized  by  die 
spirit,  and  thus  prevented  from  acting  on  vegetable  blqes. 
It  is  obvious  from  the  preceding  account  of  its  properties, 
that  nitric  ether  differs  entirely  from  sulphuric  ether  in  its 
nature. 


3.  Muriatic  Ether.  ^ 

After  the  discovery  of  sulphuric  and-  nitric  ether,  variooi  . 
attempts  were  made  to  procure  muriatic  ether  and  different 
processes  were  suggested.  Sometimes  a  mixture  of  alcolH^, 
and  those  metallic  muriates  that  contain  an  excess  of  acid 
were  distilled,  and  sometimes  alcohol  was-saturated  witlmuh 
riatic  acid  gas  and  distilled.  The  nature  of  muriatic  edier 
was  almost  unknown  till  a  set  of  experiments  \s^&  made  od 
it  by  Gehlen  in  1804.  Thenard  ma'de  another  in  1807-  To 
the  labours  of  these  two  chemists  we  are  indebted  for  all  the 
knowledge  we  possess  of  this  singular  fluid. 

It  may  be  obtained  by  distilling  in  a  retort  equal  buIioB  of 

^  alcohol  and  muriatic  acid,  both  as  strong  as  possible.  From 
the  retort  a  tube  passes  ipto  a  Woulfe's  bottle,  partly  filled 

-  widi  water,  and  from  the  bottle  another  tube  passes  into  the 
water  trough.  The  whole  of  the  ether  formed  assumes  the 
gaseous  form  if  the  temperature  be  as  high  as  70^,  and  may 
be  collected  in  jars  over  water.  A  mixture  of  acid  and  air 
cohol  weighing  30  ounces  troy,  yields  more  thaq  1200  cubk 
inches  of  this  etherial  gas. 

This  gas  is  colourless ;  it  has  a  strong  etherial  smell,  and ' 
a  sweetish  taste.     It  produces  no  change  on  vegetable  bluei 
pr  lime  water.     Its  specific  gravity  is  2*219,  that  of  air  bdng 
1*000.     At  the  temperature  of  64%  water  absorbs  its  own 
bulk  of  this  gas. 
At  the  temperature  of  52^  it  loses  its  gaseous  form^  and 
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becomes  liquid  ether.  It  may  be  obtained  in  that  state  by 
passing  it  into  a  jar  surrounded  with  ice.  In  its  litjutd  state 
it  is  colourless  like  water,  and  has  tiie  same  smell  and  taste 
as  when  gateous.  At  the  temperature  of  41°  its  specific 
gravity  is  0.874.  It  has  no  effect  on  vegetable  blues.  It  is 
much  more  volatile  thun  sulphuric  or  even  nitric  ether,  as- 
Eiuning  the  gaseous  form  when  not  hotter  than  64°.  It  buniK 
with  a  green  coloured  Hame,  and  a  great  quantity  of  muria- 
tic acid  is  disengaged  during  the  combustion.  Thus  it  ap- 
pears that  muriatic  acid  is  one  of  its  constituents.  But  as 
the  presence  of  that  acid  cannot  be  detected  before  combus- 
tion fay  the  usual  tests,  it  is  obviously  neutralized  by  the 
other  constituents  of  the  ether.  Thenard  has  endeavoured  to 
ascertain  the  consbtuents  of  tliis  ether.  The  followir^  are 
the  proportions  which  he  found  : 

Muriatic  acid, . .  29-44 

I                 Carbon, .50-61 
Oxygen,  .....  23-31 
Hydrogen, 10-64 
100-00 
rii^  tlie  formation  of  muriatic  ether,  no  gas  whatever 
U  evolved  except  the  ether,  and  no  new  product  appears  ex- 
cept the  ether  itself.  A  portion  of  the  muriatic  acid  disappears, 
and  exactly  the  same   portion  makes  its  appearan<'e  again 
when  the  ether  is  burnt.     These  effects  render  it  probable 
that  muriatic  ether  is  a  combination  of  muriatic  acid  and  al- 
cohol.    But  if  any  dependence  can  be  put  in  the  above  ana- 
lysb,  and  in  Saussure's  analysis  of  alcohol,  it  is  obvious  that 
the   alcohol   in  entering  into  the  composition  of  muriatic 
s  been  altered,  as  its  constituents  are  not  in  the  same 
K}rtion  as  in  pure  alcohol. 
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4.  Acetic  Ether. 

Acetic  ether  was  discovered  in  1759  by  the  Count  de 
Lauraguais^  who  obtained  it  by  distilling  a  mixture  of  alco- 
hol and  acetic  acid.  The  process  has  been  often  repeated^ 
and  has  been  improved  since  its  original  discovery.  Thenaid 
has  lately  examined  the  properties  of  this  ether. 

He  obtained  it  by  distilUng  a  mixture  of  stroi^  acetic  acid , 
and  alcohol  in  a  retort^  and  repeating  the  distillation  12  times. 
No  gas  was  founds  nor  any  symptom  of  the  decompoaitioo 
of  either  of  the  substances  used  exhibited.  He  then  saturat- 
ed the  acid  with  potash^  and  by  distilling  the  liquid  off  ace- 
tate of  potash^  he  got  the  ether  in  a  separate  state. 

Acetic  ether  is  limpid  and  colourless.  It  has  an  agreeable 
odour  of  ether  and  acetic  acid.  It  has  a  .peculiar  taste  bea^ 
ing  no  resemblance  to  that  of  alcohol.  It  does  not  reddeo 
vegetable  blues.  At  the  temperature  of  44|°,  its  specific 
gravity  is  0*866.  It  boils  at  the  temperature  of  160*.  It 
burns  with  a  yellowish  white  f)ame>  and  acetic  acid  is  deve- 
loped. It  undergoes  no  change  by  keeping.  At  the  tem- 
perature of  62®  it  requires  more  than  7  times  its  weight  of 
water  to  dissolve  it.  It  seems  from  the  preceding  account 
to  be  a  kmd  of  combination  of  acetic  acid  and  alcohol,  sub- 
stances which  it  seems  have  the  property  of  neutralizing  ead^ 
pther. 

5.  Phosporic  Ether. 

From  the  late  experiments  of  BouUay,  it  appears  that  edier 
may  be  formed  also  by  means  of  phosphoric  acid.  This  aod^ 
pf  the  consistence  ofiioney,  was  put  into  a  ret6rt>  and  heated 
nearly  to  the  temperature  of  boiling  water.  Alcohol  was  thep 
introduced  by  means  of  a  funnel  passing  to  the  bottom  of  the 
acid;  and  the  mixture  distilled.    A  liquid  was  obtained, 
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^^Hcli,  when  rectified  off  muriate' of  lime,  yielded  an  etiiei' 
^Ibssea^ingall  die  properties  of  sulphuric  eUier. 

Besides  these  etliers,  several  others  have  been  formed  by 
means  of  other  acidn.  Indeed,  from  the  late  experinients  of 
Thenard,  tliereia  reason  to  believe  that  almost  all  the  remaiu- 
ing  acids  may  be  made  to  combine  with  alcohol,  and  to  form 
a  liquid  which  might  be  denominated  an  elbcr,  by  distilling  a 
mixture  of  alcohol,  sulphuric  acid,  and  the  acid  in  question. 
From  the  preceding  detail,  it  appeal's  that  there  are  two 
kinds  of  etiier  essentially  distinct :  Tlie  first  consisting  of 
sulphuric  and  phosphoric  ethers  is  formed  by  the  decomposi- 
tion of  alcohol,  and  contains  no  acid.  All  tht  others  con- 
tain an  acid,  and  several  of  them  seem  to  be  combinations  of 
an  acid  and  alcohol.  Alcohol  appears  to  have  the  property  of 
neutralizing  acids,  a  property  iiot  suspected  till  lately ;  though 
several  other  vegetable  substances  seem  to  possess  the  same 
property. 

Sect.  III.     folatHe  Oih. 

The  term  oil  is  applied  to  a  number  of  liquids,  v^icli, 
when  dropt  upon  paper,  sink  into  it,  and  make  it  semitruns- 
parent,  or  give  it  what  is  called  a  greasy  stain.  Chemists 
have  divided  tliem  into  two  classes, jft'areiJ  and  volatile. 

Volatile  oils,  called  also  essential  oi/s,  are  distinguished  by 
■die  following  properties : 

^^  1.   Liquid,  often  as  liquid  as  water;  sometimes  viscid. 
^T-  2.  Very  combustible. 

3.  An  acrid  taste  and  a  strong  fragrant  odour. 

4.  Volatilized  at  a  temperature  not  higher  tlian  212°. 
,  Soluble  in  alcohol,  and  imperfectly  in  water. 

ir  €.  Evapomte  witliout  leaving  any  stain  ou  paper. 

olatile  oils  are  almost  all  obtained  from  vegetables,  and 
y  exist  In  exery  part  of  plants  except  the  colyledons  of 
N  3 
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of  the  seed,  where  they  have  never  been  found.  They  are 
tiometimes  obtained  firom  plants  by  simple  expression.  But 
in  general  they  are  procured  by  mixing  the  vegetable  aab- 
stance  containing  them  with  water,  and  distilling.  The  oil 
comes  over  along  with  the  water,  and  swims  on  its  surface  b 
the  receiver. 

They  are  very  numerous,  but  a  detculed  account  of  each 
would  not  be  interesting ;  a  general  account  of  their  proper' 
ties  will  be  sufficient  for  our  purpose. 

Most  of  them  are  liquid.  Some  indeed  are  as  liquid  $>■ 
water,  as  oil  of  turpentine.  Some  arc  viscid,  and  some  of 
the  consistence  of  butter,  or  even  more  solid. 

Their  colours  are  very  various.  Some  are  colourless  like 
water.     Some  yellow,  brown,  blue,  green,  Stc. 

Their  odours  are  so  various  as  to  defy  all  description.  It 
's  sufficient  to  say,  that  all  the  fragrance  of  die  v^etahle 
kingdom  resides  in  volatile  oils.  Their  taste  is  acrid,  and 
sometimes  they  are  even  corrosive. 

Their  specific  gravity  is  also  various.  Oil  of  turpentine, 
the  lightest  oil  known,  is  0'79">  and  oil  of  sassafras,  the  hea- 
viest, is  I  ■094. 

I'hey  evaporate  very  readily  in  the  open  air,  diffusing  tbeir 
fragrant  odour  around.  In  close  vessels  the  heat  necessai^ 
to  distill  tliem  over  appears  to  be  greater.  When  cooled 
Uiey  congeal ;  but  the  temperature  nectasary  to  produce  thi* 
effect  varies  in  different  oils.  Some  become  solid  at  50°, 
others  not  till  cooled  down  to  -^17°.  Several  of  themyieU 
crystals  of  camphor  and  of  benzoic  acid  when  thus  treated. 

When  exposed  to  the  light,  they  acquire  cousbtency,  and 
assiune  a  brown  colour.  Dr  Priestley  ascertained,  that  fh^y 
imbibe  oxygen  with  avidity.  Probably  these  chaises'  af* 
cownected  with  that  absorption.  By  long  exposure  sevei" 
of  them  assume  tlie  form  of  resins. 

When  heated  sufficiently,  they  take  fire,  and  bum  with  * 
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strong  yellow  flame,  emitting  a  great  (Quantity  of  amoke.  The 
products  of  the  combustion,  besides  the  soot  deposited,  are 

water  and  carbonic  acid. 

When  agitated  in  water,  they  render  it  milky,  and  com- 
municate their  peculiar  odour.  They  disBolve  m  alcohol, 
ether  and  hxed  oils. 

They  dissolve  a  little  phosphorus  and  sulphur,  but  do  not 
act  on  hydrogen  or  charcoal. 

The  alkalies  and  earths  act  but  feebly  on  the  volatile  oils. 
The  compounds  formed  have  been  called  mpoiiules.  It  13 
probable  that  they  a.<isun)e  the  form  of  reaiua  before  they 
combine  with  these  bodies. 

Sulphuric  acid  decomposea  them,  converting  them  first  mr 
to  a  kind  of  resiu,  and  at  last  into  charcoal.  Concentrated 
nitric  acid  sets  them  on  lire.  The  diluted  acid  converts  them 
into  a  kind  of  yellow  resin. 

H  They  scarcely  act  upon  metals ;  but  they  have  a  tendency 

H|  reduce  some  of  the  melullic  oxides. 

V^'rom  the  products  obtained  when  fhe  volatile  oils  are 
Dumt,  it  has  been  concluded  that  they  are  compounds  of  car- 
bon and  hydrogen.  ]iut  no  exact  analysis  of  any  of  them  has 
hitherto  been  made. 


I 


Sect.  IV.     Of  Fixed  Oik. 


The  fixed  oils,  which  are  of  so  extensive  utility,  have  been 
known  from  the  remotest  ages.  They  may  be  distinguislied 
by  the  following  properties. 

.1.  Liquid,  or  easily  become  so  when  exposed  to  a  gentle 

,  An  unctuous  feel. 
®.  Very  combustible. 
,  A  mild  taste. 
1,0.  Boiling  point  not  under  (KiO*. 
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6.  Insoluble  in  water  and  alcohol. 

7.  Leave  a  greasy  stain  upon  paper.  ^ 
These  oils,  called  also  fat,  or  expressed  oils,  are  obtaiiH 

ed  partly  from  animals^  partly  from  vegetables  by  simple 
expression.  They  occur  clriefly  in  the  seeds  of  bicofyledi- 
nous  plants,  and  in  the  livers  of  animals.  Whale  oil,  sper- 
maceti oil,  olive-  oil,  and  linseed  oil  may  be  mentioned  as 
examples  of  fixed  oils. 

Fixed  oil  is  usually  liquid  with  a  certain  degree  of  visci- 
dity. It  has  usually  a  yellowish  or  greenish  tinge.  Its  tastd 
is  sweet  or  nearly  insipid.     When  fresh  it  has  no  small. 

Many  solid  bodies  also  are  obtained  from  vegetables^ 
which  have  been  hitherto  confounded  with  the  fixed  oils,  as 
palm  oil,  shea  butter,  8cc.  From  the  late  experiments  of 
Dr  Bostoch,,  these  substances  seem  to  approach  the'  nature 
of  wax  rather  more  than  that  of  fixed  oils. 

Fhe  fixed  oils  are  all  lighter  than  water.  Their  specific 
gravity  varies  from  0*968  to  0*892. 

Fixed  oil  does  not  begm  to  evaporate  till  heated  above 
212**.  As  the  heat  encreases  a  pretty  copious  vapour  may 
be  seen  to  rise.  But  the  oil  does  not  begin  to  boil  till  heat- 
ed nearly  to  600**.  It  may  be  distilled  over,  but  it  is  always 
altered  by  the  process.  Some  water  and  acetic  acid  seem  to 
be  formed,  heavy  inflammable  air  is  given  out.  The  oil 
deepens  in  colour  and  acquires  a  disagreeable  taste  and 
smell. 

Fixed  oil  when  kindled  bums  with  a  yellowish  white  flame 
and  is  decomposed.  The  products  are  carbonic  add  and 
Water.  When  exposed  to  cold  they  congeal  or  crystallize 
and  at  the  same  time  their  bulk  diminishes  very  conside- 
rably. 

When  exposed  to  the  action  of  air,  tfiey  undergo  different 
changes  according  to  the  nature  of  the  oil.  Th^y  gradually 
absorb  oxygen  and  become  solid.     Now  there  are  some  that 
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D  their  tran^nrena/  after  tliey  have  become  solid,  M'hile 
's  assume  the  oppeanince  of  tallow  or  Tfav.    Those  that 
'  remain  transparent  aie  called  tiryiiig  oils;  those  that  become 
ojiake,  are  called  ^f  o(A, 

The  drjing  oils  are  iised  as  a  vehicle  of  paints  and  var- 
nuihea.  Unseed,  nut,  poppy  and  hempseed  oils  belong  to 
Oils  class.  Tiiev  acquire  the  propertj'  of  drying  oils  more 
completely  after  ihev  have  been  boiled.  For  some  purpose* 
it  is  common  to  set  ttieni  nn  fire,  and,  after  tiiey  have  burnt 
for  some  time,  to  extinguish  them  and  continue  the  boiling 
till  ihey  have  acquired  the  requisite  viscidity.  By  this  pro- 
cess, they  lose  the  property  of  leaving  a  greasy  stain  upon 
p^i  and  acquire  many  properties  in  common  nith  the  re- 
8!b.  In  this  way,  nut-oil  and  linseed-oil  are  prepared  for 
pBQt^^  ink.  The  oil,  thus  altered,  still  continues  insoluble 
nvster  and  alcohol,  but  it  readily  unites  with  tised  oil. 

ITie  Jul  oils,  when  exposed  to  tlie  air,  gradually  become 

'liick,  opake  and  wliitc,    and   assume   an   appeai'ance  very 

niucli  resembling  wax  or  tallow.     Olive-oil,  oil  of  sweet-al- 

^   iiDuds,  of  rape-seed  and  of  ben,  may  be  mentioned  as  ex- 

^vnples  of  this  class. 

^^B  The  action  of  the  simple  combustibles  on  the  fixed  oils  is 
^'^'*«  very  remarkable.     Hydrogen  has  no  action.      Charcoal 
'eiiders  them  purer  when  they  arg  filtered  through  it;  but  ae- 
I'arates  from  them  with  such  difficulty  that  it  cannot  be  em- 
ployed for  that  purpose  witli  advantage. 

They  dissolve  a  little  pliosphorus  and  sulphur  when  assist- 
fitl  by  lieat. 

They  are  insoluble  in  water,  alcohol  and  ether;  but  they 
••nite  readily  with  each  other,  with  volatile  oils,  with  bitu- 
'neiiB  and  with  resins. 

The  fixed  alkalies  combine  with  tliem  readily,  and  form 
^ViUi  them  the  important  compound  called  soap.  Potash 
■^nns  with  them  only  soft  soap,  while  soda  forms  hai-d  soap 


$02  COMPOUND  C01CBU8TIBLE9.  CHAP.  Vf,  liE 

Tie  earths  likewise  and  metallic  oxides  combine  vrith  dtt  |o' 
fixed  oils,  and  form  a  kind  of  soap  insoluble  in  water. 

Sulphwic  acid  gradually  decomposes  the  fixed  oik,  blad- 
ening  their  colour,  and  at  last  evolving  charcoal.  Nitric  acid 
acts  with  still  greater  energy.  When  poured  suddenly  ontiie 
drying  oils  it  sets  them  on  fire.  When  sufficiently  diluted,  it 
converts  them  all  into  substances  similar  to  reans  or  tallow. 

The  fixed  oils  oxidize  some  of  the  metals,  as  copper  and 
mercury.  They  combino  with  various  metallic  oxides,  ss 
those  of  arsenic,  lead  and  bismuth,  and  are  capable  of  fortt* 
ii^  with  several  the  viscid  compounds  caiied  plasters. 

Tley  are  liable,  by  keeping,  to  become  rancid.  Tbey  be- 
come thick,  acquire  a  brown  colour,  an  acrid  taste,  and  a 
disagreeable  smell.  The  oil,  thus  altered,  converts  v^taUe 
blues  to  red,  and  of  course  contains  an  acid.  This  change 
is,  at  present,  ascribed  to  a  decomposition  of  the  mucilagi- 
npus  matter  which  is  dissolved  in  all  oils,  or  to  the  action  of 
that  matter  in  the  oil. 

tWhen  oils  are  burnt,  the  only  products  are  carbomc  acid 
and  water.  Lavoisier,  from  a  set  of  experiments  made  hk 
dds  way  on  olive-oil,  deduced  its  composition  as  follows. 

Carbon,        79 
Hydrogen,     21 
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Many  oils  occur  in  the  vegetable  kii^dom  which  are  in- 
termediate  in  their  properties  between  the  fixed  and  volatile 
oils.  like  the  volatile  oils  they  are  soluble  in  alcohol ;  but, 
like  the  fixed,  they  cannot  be  distilled  over  with  that  liquid. 
Hence  they  may  be  obtained  by  digesting  the  substance  con- 
taining them  in  alcohol,  and  then  separatuig  the  alcohol  by 
evaporation. 

Many  oils  are  formed  when  animal  and  vegetable  bodies 
are  exposed  to  a  heat  above  that  of  boiling  water.    These 
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oils  are  called  empi/ieumatic.  They  are  usually  dark-colour- 
ed,  have  an  acrid  taste  and  a  disavrecable  sniuli,  aud  possess 
most  of  the  properties  of  the  volatile  oila. 

Sect.  V.     Of  BUumens. 

The  term  bitumen  has  been  often  applied  ta  all  ifae  lo. 
Aammable  aubstaoces  which  occur  in  the  earth.  But  it  b 
better  to  limit  it  to  thoae/ossil  bodies  only  which  have  a  cer* 
tail)  resemblance  to  oily  and  resinous  substances.  They  may 
be  divided  into  two  classes.  The  Gnt  set  possess  nearly  the 
properties  of  volatile  oils;  while  the  secoud  set  possess  a  pe- 
culiar character.  The  first  class  may  be  called  bila/niaoat 
oiis.     The  second  bitumens  proper. 


i 


1.  Bituminous  Oils. 


Only  two  species  of  bituminous  oils  have  been  liitherto 
esamiued,  namely  naphlha  and  petroleum,  and  maltha  or  xtt- 
wax. 

\.  Naphtha,  or  petroleum,  is  an  oil  of  a  brownish  yellow 
colour.  When  pure,  fluid  as  water  and  pret^  volatile.  Ita 
specific  gravity  varies  from  0  730  to  0-878.  It  has  a  pecu- 
liar smell.  Wheu  heuted  it  may  be  distilled  over  witliout  al- 
teratiuD.  It  unites  with  alcohol,  ether,  volatile  and  fixed  oile^ 
tmd,  as  far  as  is  known,  possesses  all  the  characters  of  volft- 
lile  oils. 

When  found  in  die  earth  pure,  it  is  distinguished  by  dw 
name  of  naphlha;  when  less  tluid  and  darker  coloured,  it  is 
called  petroleum.  When  petroleum  is  disuUed,  naphtha  is 
obtained  from  it. 

3.  Maltha,  or  sea-was,  is  a  «ulid  substance  found  on  the 
Baikal  lake  in  Siberia.  It  ts  white,  melts  when  heated,  aud 
•B  cooling  Bsauwes  the  consistence  of  white  cerate.     It  dis- 
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solves  in  alcohol,  and  seems  to  possess  the  character  of  a  so- 
lid volatile  oil. 


Q,,  Proper  Bitumens. 

Tlie  true  bituminous  substances  may  be  Uistinguished    tty/ 
the  foUowiitg  properties ; 

1 .  They  are  either  solid  or  of  the  consistence  of  tjrf* 

2.  Their  colour  is  usually  brown  or  black. 

3.  They  have  a  peculiar  smell,  or  at  least  acquire  it 
when  rubbed.  This  smell  is  known  by  the  name  of  the  ^5»i- 
tumifiom  odour, 

4.  They  become  electric  by  friction,  though  not  ina^«-*- 
lated. 

5.  Tliey  melt  when  heated,  and  bum  with  a  stro»^g 
smell,  a  bright  flame,  and  much  smoke. 

6.  Tliey  are  insoluble  in  water  and  alcohol,  butdissol'^® 
most  commonly  in  ether  and  in  fixed  and  volatile  oils. 

7.  They  do  not  dissolve  in  alkaline  leys  nor  form  soap.. 

8.  Acias  have  little  action  on  them ;  the  sulphuric  scared' 
ly  any :  the  nitric  by  long  and  repeated  digestion,  dissolve* 
them  and  converts  them  into  a  yellow  coloured  substanc^? 
soluble  both  in  w^ater  and  alcohol. 

The  pure  bitumens  at  present  known  are  three,  nainel^^^ 
asphahum,  mineral  tar,  and  mineral  caoutchouc.  United  t^^^ 
tesin  it  forms  a  curious  substance  called  retinasphalturF'^* 
United  to  charcoal  it  forms  the  various  species  of  pit-coal 
important  as  articles  of  fuel. 

1.  Asphaltum.  This  substance  occurs  in  great  abundant 
in  the  island  of  Trinidad,  on  the  shores  of  the  dead  sea, 
Albania  and  in  other  places.  Its  colour  is  black  with  • 
shade  of  brown,  red,  or  grey.  It  is  heavier  than  water.  ^^^ 
is  insoluble  in  acids,  alkalies,  water  and  alcohol;  but  sdu 
in  oils,  petroleum  and  sulphuric  ether. 


y  S>  Mineral  tar.  This  Eubstance  is  found  in  Barbadoes 
tpd  odier  places.  It  in  named  from  its  consistence  and  ap- 
pearance. It  seems  to  be  a  mixture  of  petroleum  and  as- 
phaltum.  Accordingly  wlien  disUilfd,  abundance  of  petro- 
leum is  obtained,  of  a  brown  colour,  but  very  fluid. 

3.  Mineral  caoutchouc  is  a  singular  subsiancc,  hitherto 
found  4nly  in  Derbyshire.  It  is  soft  and  elastic,  not  unlike 
common  caoutchouc  or  Indian  rubber.  Its  colour  is  dark- 
brown,  with  a  shade  of  green  or  red.  It  resists  the  action 
nf  almost  all  liquid  menstrua.  Neither  alcohol,  alkalies  nor 
nilric  acid  affect  it,  Even  oils  and  petroleum  are  incapable 
of  dissolving  it.  When  heated,  It  melts  and  continues  after- 
wards of  tlie  consistcace  of  tar.  In  that  state  it  is  soluble 
in  oils.  -It  burns  witli  a  bright  6ame  and  bituminous  smell. 

4.  Rclinasphahuin  has  hitherto  been  foimd  oidy  in  Derby- 
shire accompanying  Bovey  coal.  Air  Hatchett  discovered 
its  nature.  It  has  a  pale  brown  ochre  yellow  colour,  is  very 
brittle,  and  breaks  with  a  vitreous  fiacture.  Its  specific 
gravity  is  TISJ,  When  heated.it  melts,  smokes  and  burns 
with  a  bright  flame,  and  emits  a  fragrant  odour.  It  is  inso-' 
Juble  in  water,  but  partially  soluble  in  alcohol,  pota^ih  and 
nitric  acid.     It  is  composed  of 

^KL  liesiii,  55 

^K  Asphaltum,     4 1 
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Pit-coal,  one  of  the  most  useful  of  all  the  mineral  pro- 
ductions, may  be  distinguished  into  three  kinds.      1.  Those 
|hat  still  contain  vegetable  piinciples,  strictly  so  called,  and 
,tbus  give  evident  marks  of  their  oiigin.     Some  yield  eiiruc- 
•■e,  others  resin,  besides  charcoal  and  bitumen,  which  con- 
Itute  the  greatest  part  of  their  contents.     Tlie  term  br<XDa 
ml,  from  their  colour,  lias  be<-n  applied  to  the  greater  nmn- 
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ber  of  coals  belonging  to  dug  set.  2.  Black  coal.  In  tiien 
no  vegetable  piinciple  can  be  detected,  they  are  composed  of 
bitumen  and  jharcoal  in  various  proportions,  and  are  usually 
nixed  with  more  or  less  of  earthy  matter.  3.  Glance  coal. 
In  this  set  no  vegetable  principle  nor  even  bitumen  is  to  be 
found.  The  coal  consists  of  charcoal  pure,  or  contaminated 
with  some  eardi.  These  coals  have  a  great  deal,  of  Instre. 
They  are  heav^,  and  bum  without  emitting  any  flame  or 
smoke,  and  only  when  heated  to  redness. 


DIVISION  m. 
OF  SECONDARY  COMPOUNDS. 

By  die  term  secondary  compound^  is  meant  a  combbflliotf . 
of  salifiable  basesy  or  primary  compounds  with  estdk  odwfi 
Thus  acids  combine  with  alkalies  and  form  salts^  earths  COUh 
bine  with  fixed  alkalies  and  form  glass,  oils  combine  wSk 
fixed  alkalies  and  form  soap.  The  secondary  compounds^  as 
far  as  we  are  at  present  acquainted  with  diem,  may  be  ar- 
hmged  under  the  five  followii^  classes. 

1.  Combinations  of  earths  '«dth  each  other  and  with 
metallic  oxides. 

2.  Combinations  of  earths  with  alkalies. 

3.  Combinations  of  acids  with  alkalies,  earths  and  me- 
tallic oxides. 

4.  Combinations  of  sulphureted  hydrogen  with  alkaUes^ 
earths  and  metallic  oxides. 

5.  Combinations  of  oils  with  alkalies,  eardis  and  metal- 
lic oxides. 

These  combinations  may  be  distinguished  by  die  following 
tides.  1.  Combhiations  of  earths;  2.  Glass;  3.  Salts;  4. 
Hydrosulphurets ;  5.  Soaps. 


COMBINATIONS  OP  EARTHS. 


mL  OF  COMBINATIONS  OF  EARTHS. 

This  subject  ia  In  some  measure  new  and  has  been  but 
imperfect!}'  invest^ated.  The  following  observations  are  all 
that  can  bt:  offered  :— 

1.  The  earths  require  so  violent  a  heat  to  melt  them  that 
diey  are  capable  of  resisting  the  most  intense  tires  that  we 
can  raise.  But  in  several  cases  the  fusion  is  much  facilitated 
by  mixing  various  eartlis  together.  Thus  alumina  in  a  pure 
atate  is  infusible,  and  so  ia  a  mixture  of  alumina  and  silica 
Or  piire  day.  But  when  lime  is  added  to  this  substance  it 
melts  witli  comparative  facility.  The  o\ide  of  iron  also  acts 
as  a  solvent  when  mixed  \vith  other  earthy  bodies,  and  great- 
Ij  facilitates  their  fusion. 

2.  The  three  alkaline  earths,  lime,  barytes  and  strontian 
resembie  each  other  in  their  disposition  to  unite  with  the 
other  earths.  IJkc  the  alkalies  they  combine  with  alumina 
and  silica,  but  shew  no  affinity  for  magnesia  nor  for  each 
other. 

3.  Magnesia  has  a  marked  affinity  for  alumina  but  for  none 
of  the  other  eailli^.  When  magnesia  and  alumina  are  pre- 
sent together  in  solutions,  alkalies  tlirow  tlicm  down  in  com- 
bination. 

4.  Alumina  has  an  affinity  fur  all  the  alkaline  earths.  It 
has  also  an  affinity  for  silver.  These  two  earths  are  fre- 
quently found  combined  in  nature. 

5.  Silver  has  an  affinity  for  the  alkaline  earths,  for  alumi- 
na and  for  zirconia.  Silver  enters  into  fusion  with  all  the 
earths  hitherto  tried  except  alumina. 


6.  Several  of  the  earths  arc  capable  of  combining  tittf 
wise  with  metallic  oxides;  Hitherto  only  six  metals  ilfw 
state  of  oxides  have  been  fpund  native  combined  mtii'iiiMmi 
These  are^  1.  chromium;  2.  nickel;  3.  copper;  4.mfl 
5.  mangane^ ;  6.  iron. 

Chromium  constitutes  the  colouring  matter  of  the  ri^ 
in  ivhich  mineral  it  is  combhied  with  alumina  and  m^igiieria^ 
Nickel  has  been  found  only  }n  one  mineral  the  chrysopmif^ 
to  which  it  gives  a  green  colour.  The  sai^ie  remark,  appiiei' 
to  copper  which  has  been  found  only  in  the  smara^lUte  ffA 
ill  a  very  small  proportion.  Zinc  is  sometimes  found  com- 
bined with  silica  in  the  mineral  called  ca^imW,  which  & 
frequendy  merely  an  oxide  of  zinc.  The  oxide  of  nmnga- 
nese  is  a  very  frequent  ingredient  in  dark  coloured  stoiiea^  ti 
schorl,  gamety  8cc.    It  is  found  also  combined  with,  bary^ 

But  it  is  the  oxide  of  iron  which  constitutes  by  rar  iliit 
most  common  metallic  con3tituent  of  minerals.    No  letf 
than  seven  distinct,  colours  besides  various  shades  have  ^eqf 
observed  in  minerals  containing  iron.  These  are  whUe,  bhuck 
green,  blue,  red,  yelloWy  brown. 

The  oxides  of  iron  melt  when  heated  with  barytes^  l^a^ 
alumina  or  silica  when  they  exceed  the  proportion  of  eart!i~ 
considerably.    They  render  mixtures  of  silica  and  aluoilDii( 
fusible  at  a  very  low  h^^t. 


Chap.  II. 

OF  GLASS. 
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Silica  when  mixed  with  the  fixed  alkalies  and  exposed  tp 
a  strong  he^t  enters  readily  into  fusion.  It  melts  also  whei\ 
heated  along  with  some  of  the  alkaline  earths^  as  lime^^  j^tq^ 
vided  a  little  alumhia  be  present.    These  mixtures  are  very 
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ductile  while  in  fusion  and  may  be  readily  moulded  into  any 
khape  we  please.  If  ihey  be  suddenly  cooled  below  the  tem- 
peralure  at  which  ihey  become  solid,  they  retain  their  trans- 
parency, and  assume  those  peculiar  properties  which  belong 
to  ihe  substance  called  glaM.  Glass,  then,  is  a  Combination 
of  ihe  fixed  alkalies  or  alkaline  earths  with  silica,  either  alone 
or  conjoined  with  alumina,  brought  into  complete  fusion,  and 
(hen  suddenly  congealed.  Metallic  oxides  are  sometimes  add- 
ed ;  they  assist  the  fusion  like  the  alkalies,  and  communicate 
frequently  a  peculiar  colour  to  the  vitreous  mass. 

When  glass  is  in  fusion,  the  substances  which  enter  into  lu 
composition  may  be  cou^dered  as  combined  with  each  other 
to  as  to  form  a  homogeneous  mass  similar  to  water  holding 
a  variety  of  salts  in  solution.  If  it  be  cooled  down  very 
ilowly,  the  different  tendency  of  the  constituents  to  assume 
I  solid  form  at  peculiar  temperatures  will  cause  them  to  se- 
parate successively  in  crystals;  just  as  the  salts  held  in  solu- 
tion in  water,  assume  the  form  of  crystals  as  the  liquid  is 
slowly  evaporated.  Bui  if  the  glass  be  quickly  cooled  down 
to  the  pomt  of  congelation,  the  constituents  have  not  time  to 
separate  in  succession,  and  the  glass  remains  tlie  same  homo- 
geneous compound  as  while  In  a  state  of  fusion ;  just  as  would 
happen  to  a  saline  solution  if  suddenly  exposed  to  a  cold 
capable  of  congealing  it  completely.  Hence,  it  appears, 
that  the  vitreous  quality  depends  entirely  upon  the  fusibility 
of  the  miMure,  and  the  suddenness  with  which  It  is  cooled 
down  to  the  point  of  congelation.  'Hie  substance,  though 
solid,  is  precisely  the  same  as  to  its  chemical  composition,  as 
if  it  were  still  in  fusion  ;  the  sudden  coolii^  bavmg  fixed  the 
constituents  belore  tliey  had  time  to  assume  a  neiv  orange- 

All  fusible  mixtures  of  the  earths  proper  with  fixed  alka- 
lies, alkaline  earths  or  metallit  oxides  may  be  made  at  plea- 
sure to  assume  the  form  of  glass,  or  the  appearaacc  which 


cliaractcri^  stpp^  or  porcelain;,  according  to  tlie  rate  of  qoo)- 
iug ;  and  gla^  luay  b^  depiiyed  of  i^  vitreous  fpf n^  mf^ 
by  fusing  it  andcoo][\ug  it  down  u'ith  sufficient  ^9'^'^^  ^ 
enable  the  constituents  to  separate  in  succession.     Sir  J[$^W 

t 

Hall  (Qun4  that  glass  (coiisisting  of  various  earjdiy  bcn^^ 
always  loses  its  vitreous  state  and  assui^es  that  of  a  stone^  if 
luore  than  a  minute  or  two  elapses  while  if  is  coqlim  4o^ 
from  complete  fusion  to  the  point  at  \\  hich  it  copgea^.    * 

There  are  different  Ifinds  of  gl^ss  in  commo^  use  fgr  ^ 
rious  purposes.  Tlie  finest  are  plate  glass  and  Jiinf  gl^  or 
crystal.  They  are  perfectly  traiisparent,  nearly  coloj^^i^icssy 
heavy  and  brilliant.  They  are  composed  of  fiijp^aimi,  pure 
^iJl^cequs  s^nd  or  calcined  flints^  an^  U^b?J^g^*  Qt9^  gfv^ 
is  made  without  lepd;  it  consists  of  %ed  alkali  a|i^  nikfeous 
ssuid^  and  is  much  lighter  tl^  fi^ut  glass.  It  has  a  d^s^BMl 
greenish  tinge  froni  the  oxide  of  iron  present  uji  the  qi^^eria^ 
employed  in  making  it.  Sometinies  too  great  a  prppor^' 
tion  of  oxide  of  manganese  i^  added^  which  gives  it  a  pinpk 
colour.  Bottle  glass  is  the  coarsest  and  cheapest  kind.  It 
consists  chiefly  of  Ume  fused  with  silica  and  a  Iit1;ile  ^lui^uni 
and  contains  so  much  iron  and  maiiganese  as  to  give  it  a  dark 
colour  and  to  diminish  its  transparency  very  niuch.  It  is 
much  harder,  stronger,  and  more  difficultly  fusible  than  the 
fine  kinds  of  glass. 

Gla3s  answers  well  as  a  chemical  vessel,  as  it  is  acted  on 

■  -  •• 

only  hy  a  small  number  of  re^agents.  Fluoric  acid  corrodes 
it  readily,  so  do  the  fixed  alkalies  when  assisted  by  heat  Wa«, 
ter  when  long  boiled  in  it  djbe^ages  some  alkali  from,  it,  and 
occasions  the  separation  of  silica  in  the  state  of  a  w^te 
powder. 


OF  SALTS. 


«  world  sail  was  origiualiy  coDTmed  to  muriate  of  enda 
m^on  sail,  a  Bubstauce  wllich  hua  beeu  known  and  iu 
~CORiinon  use  from  the  remotest  ages.  Ilie  tcim  was  after- 
wurda  generalized  by  chemists  and  applied  to  all  bodies  which 
are  B»pid,  easily  melted,  eulublc  in  water  and  not  combustible  ■ 
At  leijgtb  it  was  confined  to  acids,  alkalies,  and  the  combina' 
Uom  of  tlic-se  bodiea  with  eucli  other.  At  present  the  term 
is  applied  to  all  the  compounds  which  tlie  acids  forui  with 
alkalies,  earths  and  metallic  oxides. 

Chemists  have  agreed  to  denominate  the  salts  frohi  the 
aci'Js  which  they  contain.  The  alkali,  earth  or  metallic  oxide, 
vonibined  with  that  acid  is  called  the  base  of  the  salt*  Thus 
common  salt,  being  a  compound'of  muriatic  acid  and  soda,  is 
culled  a  muriate  and  soda  Is  called  tlie  base  of  common  salt. 
Ilcoce  it  follows  tliat  tiiere  are  as  many  genei-a  of  salts  as 
there  are  acids,  and  as  many  individual  salts  or  species  as  there 
are  combluations  of  acids  with  u  base.  Silica  and  some  of 
tlie  metallic  oxidee  do  not  appear  capable  of  combining  with 
acids.  But  to  compensate  this  there  are  some  acids  which 
combine  with  two  bases  at  once,  and  form  what  are  called 
triple  suits.  Thus  tartaric  acid  combines  at  once  with  po- 
tatii  and  wda.  Some  salts  combine  with  an  additional  dose 
of  their  acid,  and  others  with  an  additional  dose  of  tlieir 
base.  The  first  render  vegetables  blue,  the  second  nsiially 
render  tJieni  green.  The  lirst  kind  of  salts  are  distinguiihed 
by  prefixing  to  the  usual  name  the  preposition  super,  the  se- 
cond by  prefixing  the  preposition  xiiO.  llius  sulphate  of 
j)Uu»li,  denotes  the  salt  iu  a  state  of  perfect  neutralixatioii 
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without  way  excess  either  of  acid  or  potash ;  supennlpkaU 
of  'potash  is  die  same  salt  with  an  excess  of  acid ;  submlr. 
phate  of  potash  is  the  same  salt  with  an  excess  of  base. 

As  the  different  genera  are  denominated  from  the  acids^it 
is  obvious  that  tliere  must  be  as  many  genera  as  diere  ait 
acids.  The  termination  of  die  names  of  these  gfaiera  diffm 
according  to  the  acid  which  constitutes  them.  When  the 
acid  contains  a  maximum  of  ox^en,  the  termination  of  the 
genus  is  atey  when  it  does  not  contain  a  maximum  of  ox^ 
geu  the  termination  of  the  genus  is  Ue.  Thus  the  salts  which 
contain  sulphuric  acid  are  called  sulphates;  thosQ  whki 
cqntain  sulphurous  acid  are  called  sulphites.  Thii  distinc- 
tion is  of  some  consequence,  because  the  salts  differ  very 
much  according  as  the  acid  is  saturated  with  oxygen  or  not. 
The  ites  are  seldom  permanent;  when  exposed  to  the  air 
they  usually  attract  oxygeu  and  are  converted  into  ates. 

Every  particular  species  of  salt  is  distinguished  by  subjmD- 
ing  to  the  generic  term  die  name  of  its  base.  Tlius  die 
salt  composed  of  sulphuric  acid  and  soda,  is  called  sidphaU 
of  soda.  Triple  salts  are  distinguished  by  subjoining  the 
names  of  both  die  bases  connected  by  hyphens.  Thus  the 
salt  composed  of  tartaric  s^cid,  potash  and  soda  is  caUed 
tartrate  of  potash-andsoda.  Sometimes  instead  of  this, 
one  of  the  bases  is  prefixed  to  the  name  by  way  of  adjective. 
Thus  soda-muriate  of  rhodium  means  the  triple  salt  com- 
posed of  muriatic  acid,  soda  and  the  oxide  of  rhodium. 
Sometimes  the  name  of  the  base  prefixed  is  altered  a  litde ; 
as,  ammonio-sulphate  of  magnesia  (sulpliate  of  magnesia-and' 
ammonia) ;  ferruginous  sulphate  of  zinc  (stdphate  of  isinc" 
andriron.) 

The  salts  natorally  divide  themselves  into  two  classes. 
Those  which  contain  an  alkali  or  earth  for  their  base,  derive 
their  chief  properties  from  the  acids,  and  are  properly  enoi|^ 
characterised  by  the  name  of  die  acids  applied  to  the  names 
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of  die  genera.  But  diose  which  have  for  their  base  a  me- 
tallic oxide,  derive  dieir  characteristic  properties  from  that 
base,  and  ought  therefore  to  be  arranged  according  to  it. 
We  shall  dierefore  divide  this  chapter  into  two*  sections,  in 
the  first  we  shall  treat  of  the  salts'  with  alkaline  and  earthy 
bases ;  in  the  second,  of  the  salts  with  Qietalli^  bases : 

Sect.  I.     Of  Alkaline  and  Earthy  Salts,' 

'  ■'  '  '  •  .      • 

As  the  genera  of  these  salts  (derived   from   their  acids) 
are  very  numerous,  it  will  be  advanti^eous  to  the  learner  if 
we  subdivide  them  into  sets  according  to  their  properties  ; 
ttis  is  attempted  m  the  following  table :— » 
'   I.  Incombustible  Salts.  r. 

a.  Not  altered  when  heated  with  charcoal. 

1.  Muriates. 

2.  Fluates. 

3.  Borates. 

4.  Phosphates*. 

b»  Decomposed  without  combustipQ  when  heated 
with  charcoal. 
1.  Sulphates. 
*    2.  Carbonates, 
c.  Set  fire  to  charcoal  or  yield  oxygen.gas  by  heat* 

1.  Nitrates. 

2.  Nitrites. 

3.  Hyper-oxymuriates, 

4.  Arseniates. 

5.  Molybdates, 

/. 

^  photphatei  are  decempoted  when  violently  heated  with  chafcod^  bat 
1^  taperatnre  required  U  to  high  that  the  decompoatipn  camidt  be  etToclfd 
^^fdbary  fire*.    Bxc^  the  phomhate  of  ammonia  which  is  decompos^ 

iTOyeanly. 

3-  ■  .•'..•».- 

--■•■'• 
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/ 

6.  Titngmteis. 

7.  G*^o)»<fW5?* 

n.  Combitttibk  8«1«B. 
.«t.  Acids  iM»tMiy  di^al^  by  tieM>  I^6Vii^dhi 

1.  Sulphites. 

2.  Phosphites. 

b»  Acids  entirely  dissipated  by  heat,  leavh^  the 
btte  iad  leWeoal. 

li  Ac^dltes,  " 

2.  StH;)E)hl((telr.  *^ 

3.  Moroxylatet.  • 

4.  3eMzdiit<^ 

5.  Camphorat^s. 

+  +  Acids'  wholly  decMtjmsM. 

6.  Oxalates. 

7.  Mellates. 

9*  Citrates. 

10.  Kinates. 

11.  Saccolates. 
HI.  Ur^rte^. 

13.  Sebates. 

14.  Malates. 

15.  Formisrtes. 

16.  Suberates. 
+  +  -f  Anomalous. 

17.  Gallates. 


1 » 


^  Hie  nitrate  and  iiy^zymuriate  of  afiimoiua  are  eomlitutiUe'  ■^^•r 
lliey  are  compWtely  dissipated  wbeo  fieated  The  genera  in  Tfrifft  mm 
placed  fryoi  analogy  only. 


ALINE  AND  EABTHV  SALTS. 

-  13.  Prussiates. 
XiCt  us  take  a  view  of  these  genera  in  iheir  order. 

Geki's  I.     Muriates. 


2 


The  muriates  are  all  soluble  iii  water,  and  several  of  thenl 
iike\vi3e  in  alcohol.  When  mixed  with  sulphuric  acid  diey 
•ffervesce,  and  white  acrid  fnmefi  with  the  odour  of  iimriatic 
acid  are  exhaled.     They  are  in  number  IQ. 

Sp.  1 .  Muriate  ef  PolasL  This  salt  crjstallizes  in  ir- 
regular cubes.  Its  taste  is  salt  and  rather  bitter.  It  dia- 
•olves  in  thrice  its  weight  of  cold  water.  IJttle  altered  by 
Exposure  to  the  air.  In  a  red  heat  it  thelts  and  loses  »bout 
three  pet  cent,  of  iti  weight.     Not  sensibly  soluble  In  al- 

Sp.  '2.  Muriate  of  Soda  or  Common  Salt.  This  salt  has 
been  in  common  use  as  a  seasoner  of  food  from  the  estlicMt 
»ges.  It  exists  abundantly  in  aea  water  fi-om  which  it  is  ob- 
tained by  evaporation.  Mines  of  it  occur  also  in  different 
parts  ai  the  world.  It  crystallizes  in  cubes.  Its  taste  is 
universally  known,  and  is  what  strictly  sfrcaking  is  denomi- 
nated salt.  It  dissolves  In  rather  less  thdn  tlirice  its  weight  of 
water,  and  is  nearly  eqitally  soltible  In  cold  aiid  hut  uater. 
It  is  insoluble  irt  pure  alcohol.  It  deliquesces  somewhat 
when  exposed  to  moist  air.  In  a  red  heat  il  melts  and  loses 
about  two  per  cent,  of  itsrte^ht.  In  a  violent  heal  it  eva- 
porates. 

Sp.  3.  Muriate  of  Ammonia.  This  salt  was  named  sa! 
ammoniac  because  it  was  found  native  near  the  temple  of 
Jupiter  Ammon  in  Africa.  It  is  utmally  in  the  form  of  haul 
elastic  cakes.  But  by  solution  aad  evaporation  it  may  be 
obtained  crystallized  in  long  four-sided  pyramids.  It  deli- 
quesces a  little  when  exposed  to  moist  air.  It  is  soluble  in 
about  Ihrice  its  weight  of  water,  and  in  about  75  parts  of 
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alcohol.    When  heat^di  it  sublimes  without  ikcoiDpp8itk» 
in  a  white  smoke*  v     -      , 

Sp.  4.  Muriate  of  Magnesia.  This  salt  exists  in  seif-iA: 
ter.  It  is  not  easily  crystallized,  l^ut  lyhen  its  solution,  pro? 
perly  concentrated,  is  exposed  to  a  sudden  cold,  it  may  be 
obtained!  in  small  needles.  Its  taste  is  very  bitter^  hot  vA 
biting,  It  dissolves  in  about  half  its  we^t  of  water  ;>flri 
in  about  twice  its  weight  of  pure  alcohol.  WheaexpoMd 
to  the  air  it  speedily  deliquesces.  A  strong  heat  ddcoah 
poses  i^  Whfsn  dried  in  a  high  temperature,  it  is  veiy 
caustic.  .    •       - 

Sp.  S.  Muriate  of  Anmoma'^md'Magnesia.  ThissakB 
obtained  when  the  solutions  of  the  two  last  salts  ars  ndied 
together.  Its  crystak  are  small  and  inregular,  its  taste  bi^ 
ter  and  ammoniacal.  It  dissolves  in  about  six  timeS:  its 
)veigbt:  of  cqld  water. 

Sp.  6.  Muriate  of  Lime.  This  salt  is  not  easily  procured 
in  crystal?  on  account  of  its  great  solubility  in  water.  Id 
crystals  arp  six-sided  striated  prisms,  terminated  by  very  shaip 
pyramids.  Its  taste  is  very  bitter  and  pungent.  At  dsft 
temperature  of  6a^,  water  dissolves  four  times  its  weight  «f 
this  salt,  and  it  dbsolves  any  quantity  whatever,  at  ^  iewr 
perature  of  KX/?.  Alcohol  seems  capable  of  dissolving 
more  than  its  own  weight  of  this  salt.  This  salt  deliques- 
ces very  speedily  when  exposed  to  the  atmosf^iere.  When 
heated  it  n^elts  and  loses  its  water  of  crystallization.  Jb.  a 
violent  heat  it  loses  also  a  portion  of  its  acid,  and  then  has 
the  property  of  shining  in  the  dark.  Jn  that  state  it  is  called 
the  phosphorus  of  Homberg. 

Sp.  i^ Muriate  of  Barytes.  This  salt  crystallizes  in  four- 
sided  prisms,  whose  bases  are  squares ;  but  it  is  obtained 
more  commonly  in  tables.  It  has  a  pungent  and  disagree? 
able  taste,  and  like  all  other  preparations  of  barytes  is  poir 
^o^ous.    It  requires  rather  more  than  twice  its  weight  of 


water  to  dissolve  it.  It  is  not  sensibly  soluble  in  pure  alco- 
I  hoi.  It  is  Dot  altered  by  exposure  to  the  air.  In  a  red  heat 
it  melts  but  is  not  decomposed. 

Sp.  S.  Muriate  of  SlroiUlan.  This  salt  crystallizes  in 
lung  slender  hexagoiial  prisms,  usually  so  minute  as  to  have 
the  appearance  of  needles.  It  dissolves  in  rather  less  than  its 
Wtight  of  cold  water,  wlule  boiling  water  dissolves  any 
(jUinti^  of  it  whatever.  It  dissolves  in  about  '24  parts  of 
puie  alcohol.  The  crystals  are  not  nmch  altered  by  expo- 
sure to  the  air.  When  heated  they  undergo  the  watery  fu- 
soa,  and  in  a  red  heat  are  converted  to  a  white  powder, 

Sp.  9.  Muriate  of  Atamiiia.  Tliis  salt  is  always  in  the 
Btite  of  a  supermuriate.  It  hardly  crystallizes,  being  always 
cither  gelatinous  or  in  the  state  of  a  white  mass.  Water  dis- 
"ol»es  about  four  times  its  weight  of  it.  It  speedily  deli- 
^U^es  ii)  the  air.  Alcohol  dissolves  at  least  half  its  weight 
<>f  ihis  siJt.     When  heated  it  melts  and  loses  its  acid. 

S().  10.  Muriate  of  iUria.  This  salt  does  not  crystal] 
Ib^  but  runs  to  a  jelly.  It  melts  in  a  gentle  heat,  and  attracts 
noiiturB  very  rapidly  from  the  atmosphere. 

Sp^  1 1 .  Muriate  of  Giucina.  This  salt  has  a  sweet  taste 
>)lilj«adily  crystallizes. 

Sp.  IS.  Mitriate  of  Zirconia.  This  salt  is  transparent  and 
<>78tallize8  in  needles  which  effloresce  in  the  air.  It  is  very 
•oloble  ia  water  and  in  alcohol.     Heat  decomposes  it  with 

The  following  table  exhibits  tlie  compoeiitioii  of  these  salts 
According  to  the  most  accurate  expertmeutd  hitherto  made 
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Hie  ifiteb  Iitit  sjiecies  kave  tiot  hkiiertb  beeil  Msi^sed. 


Genus  II.     Filiates. 

Most  of  these  salts  k^  bdt  sparingly  soltlUe  iti  li^fl^#^  irii 
hidietto  iU^y  Harb  been  but  ^periicially  exa^kiedv  VTttn 
sulphuric  acid  is  poured  on  diem^  they  ei^liale  acrid  ftHb^ 
vrhlbh  i^kdiljr  ^t  iipoii  gliiss  and  cdrrode  it. 

9f).  I.  Filiate  6f  Potash,  This  salt  is  Kafdly  kftdVirti.  It 
i^  skid  to  (ify&t^U^  \A^  pure.  It  ha»  but  Httle  t^^te,  cb- 
solves  readily  in  water^  and  melts  when  heated.  It  combiki^ 
readily  id^th  ^iStA,  aM  fbttns  tt  white  powder^  loOlie  Uke 
chalky  IdbMsiihih^  kn  bktks^  of  acid. 

Sp.  £.  Filiate  of  Soda.  Tliis  salt  crystallizes  in  cubes. 
Its  taste  is  bitter  and  astringent.  It  is  spariti^ly  soluble  in 
water.  When  heated  it  decrepitates  and  melts  into  » trans- 
parent globule. 

Sp.  S.  Fluate  of  Ammonia.  This  salt  crystallizes  «m) 
may  be  sublimed  \vithout  decomposition. 
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Sp.  4.  F/tiale  of  Alumina.  This  salt  does  not  crystal- 
lize, liut  is  easily  obtained  iii  the  state  of  a  Jell)'.  Ita  taste  is 
aslrlngent,  and  it  always  contains  an  excess  of  acid. 

TTm^  jeuiaining  fluales  ire  insoluble  in  water. 

Sp.  5.  Fluiile  fif  Miipie^a.  When  this  salt  contain*!  art 
excess  of  aciil,  it  irtay  be  obtained  in  dodecahedrons.  Heat 
does  not  decompose  this  salt. 

Sp.  6,  Filiate  of  Ltme.  This  salt  occurs  natiTe  in  abun- 
dance, and  is  the  only  fluate  that  ha*  been  accnratfilT  exartii- 
ned.  It  is  usaily  crystallized  in  cubes,  sometimes  in  octahe- 
droie.  It  lias  no  taste,  nor  Is  it  altered  by  exposure  to  the 
air.  Its  specific  gravity  is  3'  15.  ^^')^en  heated,  it  decrepi- 
tates and  phosphoresces  strongly.  When  strongly  heated  it 
tneltS  into  a  transparent  glass.  According  to  my  analysis,  ic 
is  composed  of  355  acid  and  6T5'  hmfe, 

Sp.  7.  F/iiaie  of  Bdrj/t^g.  Tliis  is  a  white  tastcldsi 
powder  not  hitherto  examined, 

Sp.  S,  Filiate  of  Aliimina-aHii-Soda.  This  salt  has  been 
fmmd  in  Greenland,  and  is  callett  cri/olite  by  mineralogists. 
Jt«  colour  is  greyiih  white.  Il  has  aome  transparency.  It 
breaks  Into  cubic  fragmentt.  Its  specifit  gravity  is  9'fJ.50. 
Il  is  brittle  and  softer  tliu«  fluate  of  Hme.    It  is  coreposcd  of 

Acid  dnd  water,  40 
Soda,  -  -  -  36 
Alumina,    -     -     24 


Sp,  9.  Finale  of  Silica.  Fluoric  acid,  as  usually  obtain- 
ed, contaius,  in  solution,  a  quantity  of  silica.  When  kept  in 
•ends  not  colht)lfc(eIy  shut,  it  depojitcs  small  rhomboidui 
«lygtt)i  of  silica. 
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Genus  HI.    Borates.  * 

« 

This  genus  has  been  very  imperfectly  examined.  All'&e 
fluates,  before  die  blowpipe,  melt  into  a  glass.  Whien  tidied 
in  diluted  sulphuric  acid,  they  ^Id  Wall  scales  of  boiicic 
acid. 

.  Sp.  1.  Borate  of  Potash.    This  salt  crystallizes  Snlbtir- 
sided  prisms.    Jt  has  been  very  litde  examined. 

Sp.  2.  Borate  of  Soda.  This  sblt  may  be  formed  b^W 
turating  borax  with  boracic  acid.  It  is  soluble  in'!^^  &iies 
its  weight  of  hot  ^ater.  '■ 

Sp.  3.  Borax  or  SiA-borate  of  Soda.  This  salt  is  ^ 
only  one  of  the  borates  which  has  been  accurately  examiaecL 
It  is  brought  from  the  £a3t  Indies,  and  has  been  in  commoa 
use  in  Europe  for  ages.  It  seems  even  to  have  been  kiK^wn 
to  the  ancients.  It  crystallizes  ^in  hexangular  prisms,  bat  is 
usually  in  roundish  semi-^transpar^nt  lumps.  Colour  ivhite. 
Specific  gravity  1*740.  Taste  styptic  and  alkaline.  CbiH 
verts  vegetable  blties  to  green.  Soluble  in  aboiit  dO'  tmrii 
its  weight  of  cold  water,  but  more  soluble  in  hot  vnHk, 
When  exposed  to  the  air  it  elBloresces  slowly  and  sl^dy. 
When  heated  it  melts,  loses  its  water  of  crystallizati<m,  and 
is  converted  into  a  light  porous  substance  called  calcined  &o- 
rax.  In  a  strong  he^t  it  melts  into  a  transparent  glass^  stfll 
soluble  ill  water.     It  is  said  to  h^  composed  of 

Add,       39 

Base,       17 

Water,    44 

100 
Sp.  4*  Borate  of  Ammonia.    This  salt  Yorms  pennan»l 
crystals,  which  resemble  those  of  borax.     Heat  decompoifii 
it. 
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18.  Pnrasiates.  n 

Let  us  take  a  view  of  Uiese  geuera  in  their  order. 

Genl's  I.     Mnriales. 

The  muriates  are  all  soluble  iii  water,  and  several  of  them 
filrewise  in  alcohol.  When  mixed  with  eulphuric  acid  they 
effervesce,  and  white  acrid  fumes  with  the  odour  of  nmrtatic 
aad  are  exhaled.    Tliej-  areia  number  12. 

Sp.  1.  Mil  Hate  of  Potash.  This  ealt  crjstallizes  in  ir- 
regular cubes.  Its  taste  is  salt  and  rather  bitter.  It  dis- 
solves in  thrice  its  weight  of  cold  water.  Little  altered  by 
exposure  to  the  air.  In  a  red  heat  it  melts  and  loses  about 
three  per  cent,  of  iw  weight.  Not  sensibly  uoluhle  in  al- 
cohol. 

Sp.  ^.  Muriate  of  Soda  or  Common  Salt.  This  salt  hiR 
be^n  in  common  ttse  bb  a  sedsoner  of  food  from  the  eafliest 
iges.  It  exists  abundantly  in  sea  nater  from  ^\hich  it  is  ob- 
tained by  evaporation.  Mines  of  it  occur  also  in  dilfereut 
parts  of  the  world.  It  crystallizes  in  cubes.  Its  taste  k 
uaiversally  known,  and  is  what  strictly  speaking  is  denomi- 
nated salt.  It  dissolves  in  lather  leas  than  thrice  its  weight  of 
water,  and  is  nearly  equally  soluble  In  cold  alid  hot  water. 
It  is  insoluble  in  pure  alcohol.  It  deliquesces  somewhat 
when  exposed  to  moist  air.  Ill  a  red  heat  it  melts  and  loses 
two  per  cent,  of  its  *eight.     lu  a  violent  heat  it  eva- 
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sp.  3.  Muriate  of  Ammonia.  This  salt  was  named  sal 
ammoniac  because  it  was  found  native  near  (he  temple  of 
Jupiter  Ammon  in  Africa.  It  is  usually  in  the  form  of  hard 
elastic  cakes.  But  by  solution  and  evaporation  it  may  be 
obtained  crystallized  in  long  four-sided  pyramids.  It  dtiti- 
quesces  a  little  when  exposed  to  moist  air.  It  is  soluble  in 
^out  ihrice  its  weight  of  wat«r,  and  in  about  75  parta  of 
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alcohol.    When  heated,  it  sablimes  without  deconipositioa 
in  a  white  smoke. 

Sp.  4.  Muriate  of  Magnesia.  This  salt  exists  in  searwa* 
ter.  It  is  not  easily  ciTstallized,  but  ^hen  its  solution,  prot 
perly  concentrated,  is  exposed  to  a  sudden  cold,  it  nuqr  bs 
obtained  in  small  needles.  Its  taste  is  very  bitter,  hoC  and 
bituig,  It  dissolves  in  about  half  its  weigjit  of  water;  and 
in  about  twice  its  weight  of  pure  alcohol.  When,  exposed 
to  the  air  it  speedily  deliquesces.  A  stroi^  beat  ddoom- 
poses  i^  Wh^  dried  }Q  a  high  temperature,  it  is  voy 
caustic. 

Sp.  5.  Muriate  of  AmmonioHmdrMagnma.  This  salt  is 
obtained  when  the  solutions  of  the  two  last  salts  are  imied 
together.  Its  crystak  are  small  and  iiregular,  its  taste  bilH 
ter  and  ammoniacal.  It  dissolves  in  about  six  times  ill 
iveight  of  cpld  water. 

Sp.  6.  Muriate  of  Lime.  This  salt  is  not  easily  procured 
in  crystal?  pn  account  of  its  great  solubility  in  water.  It| 
crystals  arp  six-^ided  striated  prisms,  terminated  by  veiy  sfaaqp 
pyramids.  Its  taste  is  very  bitter  and  pungent.  At  the 
temperature  of  60^,  water  dissolves  four  times  its  wei^tflf 
this  salt,  and  it  dbsolves  any  quantity  whatever,  at  the  ieatt 
perature  of  KX/?.  Alcohol  seems  capable  of  dissolving 
more  than  its  own  weight  of  this  salt.  This  salt  deliques- 
ces very  speedily  when  exposed  to  the  atmosphere.  Whea 
heated  it  melts  and  loses  its  water  of  crystallization.  In.  a 
violent  heat  it  loses  also  a  portion  of  its  acid,  and  then  has 
the  property  of  shining  in  the  dark.  Jn  that  st^te  it  is  called" 
the  phosphorm  of  Romberg. 

Sp.  T.  Muriate  of  Barytes.  This  salt  crystallizes  in  four- 
sided  prisms,  whose  bases  are  squares ;  but  it  is  obtained 
more  commonly  in  tables.  It  has  a  pungent  and  disagree- 
able taste,  and  like  all  other  preparations  of  barytes  is  poir 
sonous.    It  requires  rather  more  than  twice  its  weight  of 
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water  to  dissolve  it.  It  is  not  sensibly  soluble  in  pure  alco- 
hol. It  is  not  altered  by  exposure  to  the  air.  In  a  red  heat 
it  melts  but  is  not  decomposed. 

Sp,  8.  Muriate  of  Slronliati.  TTiis  salt  crystallizes  in 
long  slender  liexagoiial  prisms,  usually  so  minute  as  to  have 
the  nppearjDce  of  needles.  It  dissolves  in  rather  less  than  its 
weight  of  cold  water,  while  boiling  water  dissolves  any 
(juittitity  of  it  whatever.  It  dissolves  in  about  24  parts  of 
pure  alcohol.  The  crystals  are  not  much  altered  by  expo- 
safe  to  the  air.  When  heated  they  undergo  the  watery  fu- 
sion, and  in  a  red  heat  are  converted  to  a  white  powder. 

Sp.  9-  Miiruite  of  Alumhia.  This  salt  is  always  in  the 
state  of  a  snpermuriate.  It  hardly  crystallizes,  being  always 
eilfaer  gelatinous  or  in  the  state  of  a  white  mass.  Water  dis- 
solves about  four  times  its  weight  of  it.  It  speedily  deli- 
quesces in  the  air.  Alcohol  dissolves  at  least  half  its  weight 
of  this  salt.     When  heated  it  melts  and  loses  its  acid. 

Sp.  10.  Muriate  of  Yllria.  This  salt  does  not  crystal  | 
lize,  but  runs  to  a  jelly.  It  melts  in  a  gentle  heat,  aud  attract) 
mokture  very  rapidly  from  the  atmosphere. 

Sp.  1 1 ,  Muriate  of  Olifdna. "  This  salt  has  a  sweet  taste 
and  readily  crystallizes. 

Sp-  13.  Muriate  of  Zirconia.  This  salt  is  transparent  and 
crystallizes  in  needles  ivhich  effloresce  in  the  air.  it  is  very 
soluble  iu  water  and  in  alcohol.  Heat  decomposes  it  with 
facility. 

The  follo\^ing  table  exhibits  the  composition  of  these  salt^  J 
according  to  the  most  accurate  expcrimeiiLs  hilherto  loade 
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The  following  table  exhibits  the  condtitiieiits  of  the  ]^io»- 
phates^  according  to  the  experiments  of  Riditer. 

Phosfkate  •/ 


Alumina .... 
Magnesia..., 
Anmionia  „, 

Lime 

Soda 

Strontian.... 

Potash 

Barytes 


Acid. 

Base, 

100 

53-6 

100 

62-8 

100 

68*6 

100 

81 

100 

87-7 

100 

185-7 

ido 

164 

100 

223 

m  

Genus  V.     Phosphites. 

The  salts  belonging  to  this  genus  have  been  but  little  ex* 
amined  by  Chemists.  When  heated^  they  emit  a  phosiho* 
rescent  flame.  When  strongly  heated^  they  yield  a  littk 
phosphorus,  and  are  converted  into  phosphates. 

Sp.  1.  Pliosphite  of  Potash.  This  salt  crystallizes  in 
four-sided  prisms.  Its  taste  is  sharp  and  saline.  It  is  solu- 
ble in  3  parts  of  cold  water.  It  is  not  altered  by  exposure 
to  the  au\ 

Sp.  2.  Phosphite  of  Soda.  It  crystallizes  in  rhbmboids. 
Its  taste  is  cooling  and  agreeable.  It  dissolves  in  two  parts 
of  cold  water.  It  effloresces  in  the  air.  Before  the  blow- 
pipe,  it  gives  out  a  fine  yellow  flame,  and  melts  into  a  glo- 
bule which  becomes  opake  in  cooling. 

Sp.  3.  Phosphite  of  Ammonia.  It  crystallizes  in  four- 
sided  prisms.  Its  taste  is  sharp  and  saline.  It  dissolves  in 
two  parts  of  cold  water.  It  deliquesces  a  little.  When 
heated,  it  loses  its  base;  emits  phosphureted  hydrogen  gas, 
and  phosphoric  acid  remains. 

Sp.  4.  Phosphite  of  Ammonia'-and'Magnesia.  This 
salt  is  sparingly  soluble  in  water,  and  crystallizes. 

Sp.  5.  Phosphite  of  Alumina.  This  salt  does  not  ciy- 
^allize;  but  forms  a  glutinous  mass  which  dries  graduallyi 
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and  does  tiot  afterwards  atthict  moisture.    It  is  very  soluble 
in  woftr.    Its  ttiste  is  astringent. 

The  remainipg  phosphites  are  insoluble  iii  Water. 

8p.  6i  Phosphite  uf  Magnesia.  This  salt  is  usually  in 
the  state  of  a  white  powder^  or  of  small  four*sided  prisms. 
It  effloresces  hi  the  air.  It  is  said  to  be  soluble  in  400 
ptrtB  of  cold  water. 

9p.  7.  Pko^hite  of  Lime*  This  is  a  white  tasteless. 
p^Wdef,  insoluble  in  Watfer^  but  soluble  in  phosphorous 
acid,  forming  a  superphosphite,  which  may  be  obtained  in 
prismatic  crystals  by  eva[]loration. 

8p.  8.  Phosphite, of  Bari/te$.  This  is  a  White  pbwder, 
Inrdlj  soluble  in  water,  unless  there  be  an  excess  of  acid. 

« 

Genus  VI.     Carbonates. 

TTiis  is  one  of  tlie  most  important  of  the  saline  genera. 
When  muriatic,  or  nitric  acid  is  poured  on  them,  they  effer- 
TCsce,  and  give  out  carbonic  acid.  When  fully  saturated 
they  do  not  affect  vegetable  blues,  but  the  alkaline  subcdr- 
bohates  convert  vegetable  blues  to  green. 

Sp.  I.  Carbonate  of  Potash.  Of  this  salt  there  are  two 
varieties,  the  carbonate  and  subcarbonate. 

Variety  1 .  Carbonate.  This  salt  may  be  formed  by  caus- 
ing a  current  of  carbonic  acid  to  patss  through  a  solution  of 
pMish,  till  the  salt  crystallizes.  It  crystallizes  in  rhomboid 
dsi  jlrisms,  with  diliedral  summits.  It  has  a  very  slight  al- 
ferftee  taste,  and  still  gives  a  green  colour  to  vegetable 
6bies.  It  is  soluble  in  four  parts  of  Cold  water.  Alcohol 
sflcareely  disserves  it.     Exposure  to  air  does  not  alter  it. 

Variety  2.  Subcarbonate.  This  salt  is  obtained  by  ex- 
posing the  preceding  to  a  strong  rod  heat.  It  contains  ex- 
actly one  half  of  the  acid  contained  in  the  carbonate.  It 
is  much  more  soluble  in  water ;  its  taste  is  very  alkaline  auci 

p 
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caustic;  and  when  exposed  to  the  air,  it  soon  deliquescei 
and  runs  into  a  liquid.  The  potash  of  commerce  is  alwaji 
in  the  state  of  a  subcarbonate. 

Sp.  2.  Carbonate  of  Soda.  Of  this  salt,  like  the  pre- 
ceding, there  are  two  varieties. 

Variety  1 .  Carbonate.  This  salt  occurs  native  in  Africa, 
and  may  be  formed  by  passing  a  current  of  carbonic  acid 
through  a  solution  of  soda,  till  it  ceases  to  absorb  any  more. 
It  runs  into  a  hard  solid  mass,  which  is  not  altered  by  expo- 
sure to  the  air. 

Variety  2.  Subcarbonate.  What  is  called  carbonate  of 
soda  in  conyuerce,  is  nothing  else  than  this  salt.  Its  cry- 
stals  are  octahedrons,  having  tlieir  apexes  truncated,  or. 
,  more  commonly  flat  rhomboidal  prisms.  It  dissolves  in  two 
parts  of  cold  water.  When  exposed  to  the  air,  it  efflores- 
ces and  falls  to  powder.  When  heated,  it  undergoes  the 
-watery  fusimi,  and  melts  in  a  red  heat  into  a  transp;urei)t  li- 
quid, 

Sp.  3.  Carbonate  of  Ammonia.  Of  this  salt,  also,  there 
are  at  least  two  varieties. 

Variety  1.  Carbonate.  This  salt  may  be  obtained  by 
passing  a  current  of  carbonic  acid  through  the  subcarbonate 
dissolved  in  water.  It  crystallizes  in  six-sided  prisms;  has 
no  smell,  and  much  less  taste  than  the  subcarbonate.  When 
heated  it  sublimes,  and  is  decomposed. 

Variety  2.  Subcarbonate.  This  salt  crystallizes,  but  the 
crystals  are  small  and  irregulai'.  Its  smell  and  taste  are 
similar  to  those  of  ammonia,  though  weaker.  It  i§  lighter 
than  w^ater.  It  is  soluble  in  less  than  twice  its  weight  of 
water.  Frohi  the  experiments  of  Davy,  it  would  appear 
that  there  are  diflferent  varieties  of  this  salt,  containing  vari- 
ous proportions  of  ^cid,  according  to  the  teniperatures  ill 
which  it  has  been  prepared. 
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Sp.  3.  Carbonate     of  Ainmonia-and-'Mag«Esia.        This 

salt  may  be  formed  by  mixing  together  aqueous  solutions  of 

its  two  constituenls.    Its  properties  have  not  been  examined. 

The  remaining  carbonates  are  insoluble  in  water. 

Sp.  5.  Carbonate  of  Magnesia.     Of  this  salt,  there  are 

likewise  two  varieties. 

Variety  1.  SubcaTbotmfe,  This  is  alight  white  powder, 
constituting  the  magnesia  of  commerce. 

Variety  2.  Carbonate.  It  may  be  formed  by  diffusing 
the  preceding  variety  in  water,  and  passing  a  current  of  car- 
bonic acid  through  the  liquid.  It  crystallizes  in  six-sided 
transparent  prisms.  It  has  little  taste.  It  dissolves,  when 
in  crystals,  in  43  parts  of  cold  water.  It  effloresces  in  the 
air,  and  falls  to  powder. 

Sp.  fl.  Carbonate  of  Lime,  This  salt,  under  the  names 
of  marble,  chalk,  limestone,  calcureuus  spar,  K^c.  exists  in 
great  abundance  in  nature.  It  ci^stallizes  in  rhomboidal 
prisms,  with  angles  of  101^°  and  78^";  and  no  less  than 
6l6  different  varieties  of  form  have  been  observed  and  de- 
scribed by  mineralogists.  It  is  tasteless,  insoluble  in  water, 
bm  soluble  in  a  small  proportion  by  means  of  carbonic  acid. 
When  heated  strongly,  its  loses  its  acid,  and  tlie  escape  of 
the  acid  is  greatly  facilitated  by  the  presence  of  vapour. 
When  suddenly  heated,  it  nielts  without  losing  its  acid,  and 
assumes  a  form  bearing  some  resemblance  to  granular  lime* 
stone. 

Sp.  7.  Carbonate  of  Bari/tes.  This  salt  is  found  native, 
and  distinguished  by  mineralogists  by  the  name  of  Witliciite. 
It  crystallizes  in  double  six-sided  and  four-sided  pyramids. 
It  is  tasteless,  insoluble  in  water,  but  poisonous.  It  is  not 
altered  by  exposure  to  the  air.  When  made  up  into  a  ball 
with  charcoal,  and  violently  heated,  it  loses  its  acid. 

Sp.  8.  Carbonate  of  StrDiilian,  This  salt  also  occurs 
native,  usually  hi  semi-transparent  striated  masses,  witli  a 
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jpreenish  tinge.  It  is  tast^less^  insoluble  in  w^tfef,  aii4  not 
altered  by  exposure  to  the  air.  When  viol^at}y  hi^l^tfii  t 
loses  its  acid. 

Sp.  9.  Carbonate  of  Alumim^  Water,  contain^]^  <wtf' 
Iconic  acid  gas,  dissolves  a  little  alumina ;  but  whien  th^  alu- 
mina is  precipitated  and  dried,  it  appears,  frjc^m  tbe  (^qviir 
meats  of  Saussure,  that  it  loses  its  acid*  Ca^rboiiate  of  fb" 
mina,  then,  cannot  exist  in  a  dry  state. 

Sp,  10.  Cqrhomt^  of  Yttria.  A  white,  ^t)^}^^  ioKh 
luble  powder. 

Sp.  1 1 .  Carbonate  pf  Gludna.  A  white,  ^f|l^  t^tt^ 
powder,  with  greasy  feel. 

Sp.  12.  Carbonate  of  S^ircQuh^  A  white  ts^stetess  foim 
der. 

The  following  t^ble  exhibits  a  view  of  the  cpnipo^MtioQ 
of  these  salts  as  far  las  it  has  beeii  ^Sj:ertained. 

Cjirhonati  of 


•Amtnonia. 
Magn^ia. 
Potash , 

Soda  ..V- 
Lime , 

Strontian.. 

Yttria 

Barjtes.... 


Acid. 

Sasf» 

H^affr. 

lOQ 

33-9 

44*6 

100 

50 

50 

100 

95-3 

37 

100 

97-4 

59 

100 

122 

100 

231 

100 

305-5 

150 

100 

354-5 

Hie  subcarbonates  ^ippepr  to  contain  just  one  half  of  tbf 
acid  which  exists  in  the  c^boiiates. 


Genus  VII.     Sulphates. 

Thist  gpi^us  of  salts  has  been  long  known,  and  very  wf? 
fully  examined.  Most  of  the  salts  in  it  crystallize.  Th«r 
taste  is  usually  bitter.  They  are  insoluble  in  alcoM,  and 
precipitated  from  water  by  alcohol.  Wh^n  heated  to  ^fedr 
ness,  along  with  charcoal^  they  are  converted  into  siilphu- 
rets.    All  their  solutions  yield  a  White  precipitate^  insolubte 
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m  c<AA  sniphmic  acid,  wlieii  mixed  with  muriatic  of  ba^ 

rytes, 

Sp.  I.  Sulphate  uf  Potash.     Of  this  salt  there  are  hvo 

irnrieties. 

Variety  I.  Snfphnle.    This  sdt  is  usnally  to  be  foiilid  in 

liOiri^der^le  qihiiitity  in  the  potash  of  commerce.    Tlie  cry- 

MfeSre  small,  irregular,  hard,  and  firm  :  usually  six-sided 
ftrfanH.     The  taste  is  a  (fisagreeable  bitter.     It  dissolves  in 

■tKMSt  IS  lim^S  its  weigiit  of  coW  water.  It  is  not  altered 
by  exposure  to  the  air.  In  a  red  heat  it  melts,  and  lostS 
•botrt  H  per  cent,  of  its  weight. 

Variety  2.  Siipennfp/iale.  Iliis  salt  may  be  obtained  by 
dissolviug  the  preceding  in  sulphuric  acid,  and  evaporating. 
Its  crvstaU  are  long,  slender  needles,  or  six-sided  prisms, 
lis  taste  is  acid,  and  it  reddens  vegetable  blliea.  When 
heated  it  m*!ts,  and  assumes  the  ap()earance  of  oil.  A 
Strong  red  heat  is  necessary  to  drive  off  the  excess  of  acid, 
and  convert  it  into  sulphate. 

Sp.  2.  Sulphate  nf  Soda.  This  salt  is  ofteff  MlcA  Glau- 
ber's salt,  from  the  name  of  the  discoverer  of  it.  There 
are  two  varieties  of  it,  likLe  the  preceding. 

Vaiiety  I.  Sulphate.  This  salt  crystallizes  iii  six-sided 
transparent  prisms,  terminated  by  dihedral  sumiiiits.  The 
sides  of  ihf  prisms  are  usually  channeled.  Its  taste,  ut  first, 
hii»  some  rese^iblance  to  that  of  common  salt,  but  it  soon 
becomes  disagreeably  biltei.  It  dissolves  in  less  than  thrice 
its  weight  of  cold  water,  and  in  less  than  its  weight  of  boil- 
ing water.  When  exposed  to  the  air,  it  loses  its  «ater,  ef- 
floresces, and  falls  to  powder.  The  loss  of  weight  is  about 
0-56  parts.  When  heated,  it  undergoes  the  watery  fusion. 
In  a  red  heat  it  melts,  and,  according  to  Kirwan,  lose} 
part  of  its  acid. 

Variety  2,   Siipersulphate.     Tliis  salt  n^ay  be  obtained  by 
itisBolving  the  preceding  variety  in  sulphuric  acid,  and  eva- 
r3 
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porating  the  solution.  It  crystallizes  in  large  transparent 
rhombs,  which  effloresce  in  the  air,  and  easily  part  widi 
their  excess  of  acid. 

Sp.  3.  Sulphate  of  Ammonia.  This  salt  crystallizes  in 
small  six-sided  prisms.  It  has  a  sharp  bitter  taste ;  is  solu- 
ble in  twice  its  weight  if  cold  water,  and  in  its  waght  of 
boiling  water.  When  exposed  to  the  air,  it  slowly  attracti 
moisture.  When  heated  it  decrepitates,  th^i  melts  aod 
sublimes  with  some  loss  of  its  alkali.  Wlien  heated  nearly 
to  redness,  the  greatest  part  of  it  is  decomposed. 
•  Sp.  4.  Sulphate  of  Magnesia.  This  salt  was  long  koowo 
by  the  name  of  Epsom  salt,  because  it  exists  in  the  spring  at 
Epsom  near  London.  It  exists  also  in  sea  water.  It  crys- 
tallizes in  regular  four  sided  prisms,  surmounted  by  four  aded 
pyramids  or  dehedral  summits.  The  crystals  refract  doubly. 
Its  taste  is  intensely  bitter.  It  dissolves  in  its  own  we^ht  of 
cold  water.  In  the  air  it  effloresces.  When  heated  it  un- 
dergoes the  watery  fusion,  and  before  the  blow-pipe  melts 
with  difficulty  into  an  opake  vitreous  globule. 

Sp.  5.  SulpluLte  of  Potash-and- Ammonia.  This  salt  crys- 
tallizes in  brilliant  plates.  Its  taste  is  bitter,  and  it  is  not  al- 
tered by  exposure  to  the  air,  ^ 

Sp.  6.  Sulphate  of  Potash-andrMagnesia.  This  salt  crys- 
tallizes in  rhomboidal  prisms,  and  is  not  altered  by  exposure 

to  the  air. 

Sulphate  of  soda  is  also  capable  of  forming  triply  salts 
with  ammonia  and  magnesia. 

Sp.  7.  Sulphate  of  Magnesia'and-Ammonia,  This  salt 
crystallizes  in  octahedrons.  Its  taste  is  acrid  and.  bitter.  It  ii 
decomposed  by  heat,  and  is  less  soluble  in  water  than  either 
of  its  constituents. 

Sp.  8.  Sulphate  of  Alumina*'  This  salt  crystallizes  in  thiu 
plates  soft  9nd  pliant,  and  of  a  pearly  lustre.     Its  taste  i» 
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astringent.     Its  is  very  soluble  in  water,  and  crystallizes  with 
difficulty. 

Sp.  9-  Ahim.  ITiis  b  a  triple  salt,  of  which  there  are 
four  varieties,  namely,  1.  Sulphate  of  alamina-and-palash ; 
G,  Sulphate  of  alumiiia-and-ammonia ;  3.  Supersiilpkate  of 
if  ammonia-niid-potaak  ;  4.  Supersulphate  of  aiumina-and- 
ammonia.  The  two  last  (especiaily  the  SdJ  constitute  the 
alum  of  commerce;  the  two  firet  have  been  called  ahim  sa- 
turated with  its  earth,  or  nluminnted  alnm. 

The  composition  of  common  alum  was  first  ascertained  by 
Vauquebn.  It  crystallizea  in  regular  octahedrons.  It  is 
white,  and  semi  trans  parent.  Its  taslc  is  sweetish  and  astrin- 
gent, and  it  reddens  vegetable  blues.  It  dissolves  in  about 
l6  parts  of  cold  water.  In  a  gentle  heat  it  undeigoes  the 
watery  fusion,  and  by  continuing  the  heat  it  loses  about  44 
I»er  cent,  of  water,  and  is  called  calcined  opiiirnt  alum.  In 
a  wolent  heat  a  portion  of  the  acid  is  converted  into  sulphu- 
rous acid,  and  o^ty^en  gas.  This  salt,  according  to  ihe  ana- 
lysis of  Vanquelin,  is  usually  composed  of 

Sulpliuric  acid 30*32 

Alumina 10-50 

Potash 10'40 

Water 43'58 


100-00 
ilum  sometimes  contains  a  little  sulphate  of  iron  nixed 
1  it,  which  injures  its  qualities  as  a  mordant. 
"The  sulphates,  or  two  first  varielieB,  may  be  formed  by 
alumina  in  a  solulioii  of  alum.  I'hey  are  tasteless 
powders,  insoluble  in  water,  and  not  altered  by  exposrtre  to 
tlie  air. 

Sp.  19.  Snlplmte  of  Yitria.  This  salt  crystallizes  in  flat 
^ix-sided  prisms.  It  is  not  altered  by  exposure  to  the  air. 
lis  taslc  i»  aslrii^Got  and  sweet.     It  has  an  amethyst  red.co- 
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lour^  and  dissokea  iu  ^boul  30  porta  ot  coU  water.     A\  9  M 
heat  it  is  perfectly  decomposed. 

Sp.  la  Sulpk^te  of  Gliicina.  This  salt  is  colourless.  It 
crystallizes  ia^ieedles^  Its  taslQ  is  very  sweeti  and  aotwuewhit 
astringent.  It  is  vecy  soluble  in  walfsr^  and  di&  solnsiKum  dot$, 
not  readily  crystallize,  Wheob  healed  it  und^rgoei^  the  iKatci^f* 
f usioiiy  and  in  a  red  hs^i  ia  co^pjM^^^ly  decoin|>osed. 

Sp,  12.  Sulpkfll^  of  Zkwma*  TEhis.  saJife  i»  usually  in  Ik 
form  of  a  white  povifd^ ;  thongb  it  may  be  obtained  alfl» 
crystallised  in.  ne^Ie*.  It  ia  ta^t^^lfisa^  ao4  in^aluble  ift  wa- 
tei?;  not  altered  by  ^xpoaui^  to  the  air^  and  easily  iffiomr 
po^ed  by  beat. 

Sp.  13,  Sulphate  ^  Lirm*  T^ms&k,  occws.  natiy^^  wl 
Is  distinguishedf  by  dte  names,  of  gypsum  wadsehmte.  It  is 
found  crystaliiaed  iUi  octahedronsy  ^ix-sided  pri»ii0>  and  in 
lenses.  It  has.litlie  or  no  taste.  It  dissoheB  ia  about  460 
parts  of  cold  water.  It  i&  not  altered  by  exposure  to  tlie  air. 
It  dissolves^  iu;  sulphuric  acid.  When  heated  it  lose&its  vva» 
ter  of  crystallization.  When  mixed  with  a  Uttie  lime^  ib  is 
mucb  used  under  the  name  of  plaster  of  Paris  for  forming 
castS;  moulds^  See. 

Sp.  14.  Sulphate  of  Barytes.  This  ss^  is  found  na- 
tive^  and  distinguished,  by  die  names  of  ponderous  spar^ 
heavy  spar,  baroselemie.  It  occurs  crystallized  iu  tables 
with  bevilled  edges^  iu  four-sided  prisms,  &c.  It  is  white, 
tasteless,  insoluble  in  water,  but  soluble  in.  hot  sulphuric 
acid.  It  melta  when  strong  kei^ed  into  a  wbite  opaka-gii^ 
bole.  Wbeu  made,  into  a.  cake  with  flour,  and  heated  to  red- 
ness, it  is  phosf^rescentk 

Sp.  15.  Sulphaie  of  Stroutian,  This  sait>  like-tbe  pre* 
ceding,  occurs  native  in  considerable  quantity.  It  is  crystel* 
lized  ia  rhomboidal  prisms.  It  ia  white,  tasteless,  insoluble  k» 
water,  but  soluble  in  hot  sulphuric  acid.  In  most  of  it»  pro- 
perties.it  resembles  die  preceding  salt,  but  its  specif*  gn^ 

2^ 
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reous  taate.    It  la  insoluble  in  water,  and  when  exposed  to 
the  air  it  is  slowly  converted  into  sulphate. 

The  following  table  exhibits  the  constituents  of  the  snl- 
pliites  as  far  as  they  have  been  ascertained. 


SMipAUii  Oj 

M.J. 
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fC.Ur. 

Magnesia 

100 

tl 

115 

Ammonia 

loo 

»8-3 
97-9 

[8-3 

10'5 

4-6 

Socb 

Lime 

100 

PMflih 

100 

125 
137-5 

Alumina 

75 

Barytee 

too 

151 

S-1 

Genus  IX.     Isilrates. 


All  the  salts  belonging  to  this  genus  are  soluble  in  water. 
Bud  ciystallize  by  cooling.  When  heated  to  redness,  and 
dorcoal  powder  thi-own  over  them,  a  violent  combustion 
U  produced.  Sulphuric  acid  disengages  from  tliem  fumes 
of  nitric  acid.  When  heated  they  are  decomposed  and  yield 
Ufirst  oxygen  gas. 

'Sp.  1.  Kttrate  of  Potash  or  Nitre.  This  salt,  which  is 
of  great  importance,  is  found  in  warm  climates  on  the  sur- 
face of  tlie  earth.  It  is  collected  and  purified  by  solution 
•nd  crystallization.  Its  crystals  are  six-sided  prisms  termi- 
nated by  six-sided  pxramids.  Its  taste  is  sharp,  bitterish 
Uid  cooling.  It  is  very  brittle.  It  dissolves  in  seven  parts 
of  cold  water,  and  in  less  than  its  own  weight  of  boiling 
ivjier.     Pure  alcohol  does  not  dissolve  it.     In  a  red  heal  it 
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ttelfef  anrf  emrg^ak  Mo  M  ap^ke  tMts$  t^-hich  ha.^  feeerf  <?aJI* 
cd  mineral  crystal.  When  kept  mrffed  it  gives  out  abtttft 
lire  tfrrrd  of  its  weight  of  oxygerrga^.  IH  detonatear  most 
violently  with  cltftrcodf.  Tltis^  salt  cotistittites  the  priaUpA 
ingfedient  of  gun  powder,  which  is  a  mixture  of  about  se- 
venty-six parts  nitre-,  jWteeft' <th«rct)jrl,  ^ttl\Jtline  sulphur.  The 
constituents  are  greuffd  to  i  &i\e  powder^  and  then  mixed 
together  with  gretat  carfer  1?he  gdeAieee-  df  tlie  powder  de- 
pends upon  the  intimtfie  ttifcitor^.  Thwd  kinds  of  charcoal 
are  pitched  upon-  whiclk  absci^b'  the  lea^  ihoisture  from  the 
air. 

Sp.  2.  Nitrate  6f  Socfa.  Thiis  saft  Cli^stallizes  in  trans- 
parent rhombs  diffi^ing  but  little  from  cubies.  It  has  a  cool 
sharp  taste,  and  i«-  ratber  more  bkter  than  nitfe.  It  dis- 
solves in  three  parts  of  C6id  vf^tti,  SSii  iti  less  than  its  weight 
of  boiling  water.  When-  expo^^d  to  the  air  it  rather  at- 
tracts moisture.  Its  phenomena  with  combustibles  and  heat 
are  the  same  as  tliose  of  the  preceding  species. 

Sp.  3.  Nitraieof  AmmOnicr.  ^t)m  salt  crystallizes  in 
six-sided:  prisms^  terminated  by  six-sided  pyramids.  It  has 
a.  very  acrid,  bitter,  disagreeable  taste.  It  dissolves  in  twice 
its  weight  of  cold  water,  and  in  half  ite  weight  of  boiling 
water.  In  the  ^r  it  very  speedily  deliquesces.  When  heat- 
ed it  undergoes  the  watery  fusion,  but. even  after  the  wdtef 
is  driven  off  it  continues  liquid -at  the  temperature  of  about 
400^,  boiUy  and  is  decomposed,  being  converted  into  water 
and  nitrous  oxide  gas,  in  the  proportion  of  about  four  parts 
g^s  to  three  parts  water.  When  heated  nearly  fo  redne^,  it 
bmus  with  a  kind  of  explosion.  Hence  it  was  formerly 
called  mtrum  jiamman*. 

Sp.  4^  NHraie  of  Magnesia.  This  salt  crysttffliHes  id 
iliomboidal  prisms  or  small  needlea.  Its  taste  i^verybft^ 
and  disagreeable.  It  is  soluble  in  little  more  than  its  weigtit' 
ef  cold  water.     In  the  air  it  deliquesces*    When  heated  it 
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imdnyWfl  the  watety  fu;iion,  804  sp^dUy  Q98unvBS  Ae  form 
pf  a  wbjdbs  powder.    It  sc^cely  detoimtes  with  combui^ubk 

Sf^.  j;  Niti^te  (^  Lime.  Tliis  8altcrys|a)IUe«  in  six-sided 
IffJIPM  l^^nvm^ted  by  long  pyri»oud«.  Its  t$i$te  h&  vbry  acrid 
and  bitter  >  It  dissolves  iu  about,  the  fourtb  part  of  its  weight 
(if  0)14  w^ter^  and  boiling  \v^ater  dissolves  any  quantity  of  it 
lAab^^ve^r  ^^oiling  alcohol  dissolves  its  own  weight  of  it 
It  speedily  deliquesces  in  the  air.  When  heated  it  readily 
UQKJIeiqpies  the  watery  fusion.  When  deprived  of  its  water 
(if  a:}#t|Jiization  il  i^ften  has  the  property  of  shining  iu  th^ 
ctlfkr    Ip  thi^  state  it  is  called  Baldwins  phosphorus, 

Sp.  6.  titrate  of  Barytes,  This  salt  crystallizes  in  re- 
glrfv  p^tali^dronsi  or  in  small  brilliant  plates.  Its  taste  is 
]pati  acrid  and  austere.  It  is  soluble  in  about  twelve  parts 
of  cold  water.  When  tlirown  upon  burning  coals,  it  decre- 
pitptes  ^nd  \»  converted  into  a  dry  niass.  When  strongly 
llQatcd»  the  whole  of  its  acid  is  dissipated  and  pure  barytes 
obtained. 

Sp,  7.  Nitrate  qf  Stroutian.  This  salt  crystallizes  iii  re- 
gular octahedrons  not  unlike  die  crystals  of  nitrate  of  barytes. 
It  has  a  strong  pungent  cooling  taste.  It  is  soluble  in  its 
own  weight  of  cold  water,  and  in  little  more  than  half  its 
weight  of  boiling  water «  It  is  insoluble  in  alcohol.  It  de* 
flagrates  on  hot  coals.  In  a  crucible  it  melts  when  heated. 
At  a  red  heat  it  gives  out  its  acid,  and  piure  strontian  remains 
bdiind.  Combustibles  throwu  iqto  it  when  red  hot  burn 
with  a  lively  red  flhme, 

'  Sp.  8.  Nitrate  of  Autmouia-and-magmsia.  Tliis  salt 
crystallizes  in  fine  prisms.  It  has  a  bitter,  acrid,  ammo- 
liia<»l  taste.  It  dissolves  in  about  eleven  parts  of  cold  wa- 
tOK.  *  •In  the  air  it  gradually  attracts   moisture  and  deli- 


938  SALTS. 

Sp.  9.  Nitrate  of  Alumina.    This   salt  crystallizes  v 
difficulty  inio  thin  soft  plates  which  have  but  little  lustre, 
has  an  acid  aiid  astringent  taste,  is  veiy  soluble  in  water  ai 
soou  deliquesces  when  exposed  to  the  air.     When  evaporil 
ed,  it  is  readily  coRvcrted  into  a  gummy  mass  of  the  consisl 
ence  of  honey.     It  is  easily  decomposed  by  heat. 

Sp.  10.  ISitraieofYtria.    Tliis  salt  scarcely  cry 
Its  taste  is  sweet  and  astringent.     Jt  speedily  deliquesces  ^| 
the  air. 

Sp.  11.  Nitrate  of  Gbicinu.  This  salt  may  be  obtained 
in  the  state  of  a  powder,  but  not  in  crystals.  Its  taste  is 
sweet  and  astringent.  It  is  very  soluble  in  water  and  speedi- 
ly deliquesces  in  the  air. 

Sp.  12.  Nitrate  of  Zirconia.    This  salt  does  not  crystal- 
lize, but  may  be  obtained  in  the  state  of  a  viscid  mass  whidi    ■ 
dries  with  difficulty.     It  has  an  astringent  taste.     It  is 
sparingly  soluble  in  water,  and  seems  indeed  to  be  par 
decomposed   by   that  liquid.     When  heated  it  readily  p 
with  itf<  acid  and  is  decomposed. 

The  following  table  exhibits  the  composition  of  die  P 
tiates  as  far  as  it  has  been  ascertained :— 
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PEROXYMURIATES, 


GENifi  X.    Nitrites. 


1 


When  tiie  crystallized  nitrates  are  exposed  to  a  suffictent 
heat,  tbey  give  out  oxygen  gas.  If  the  process  be  stopped 
in  lime  the  salts  still  continue  neutral.  But  the  nature  of  the 
acid  is  obviously  changed  as  it  has  lost  oxygen.  Hence  by 
this  process  the  nitrates  are  converted  mto  nitrites,  Tlie 
properties  of  the  nitrites  have  not  hitherto  been  investigated, 
except  the  nitrite  of  potash,  examined  by  Bei^iian  and 
Scheele.     It  deliquesces  when  exposed  to  the  air,  and  gives 

out  nitrous   funics,  when  treated  with   any  acid,    even  the 

acetic. 

Genus  XI.     Oiymurlales. 

When  oxymuriatic  gas  is  passed  tfirough  the  alkalies  and 
alkaline  eartiis  in  a  dry  state,  a  combination  takes  place  and 
sahne  substances  are  formed,  to  which  the  name  of  OTytmi- 
riales  is  given.  But  when  the  bases  are  dissolved  or  sus- 
pended in  water,  the  oxymuriatic  acid  is  decomposed  and 
converted  into  hype roxy muriatic  and  common  muriatic  acid. 
The  osymuriates  have  not,  hitherto,  been  examined. 

Genus  XII.     Jlifperoxymurlatei. 

This  genus  of  salts  was  discovered  by  Berthollet.  But 
except  the  iirst  species,  all  the  rest  were  nearly  unknown  till 
examined  by  Chenevix  in  1S02.  They  are  formed  bj  p4ssmg 
a  current  of  oxymuriatic  acid  through  the  bases  dissolved  in 
water.  When  heated  nearly  to  redness,  they  give  out  oxygen 
gas  and  are  converted  into  muriates.  When  mixed  with 
combustibles  and  heated,  triturated  or  struck  upon  an  anvil, 
ihey  detonate  with  great  violence. 
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Sp.  1 .  Hyperoxymuriate  of  Potash.    This  salt  cryst 
in  flat  rhomboidal  prisms  of  a  silvery  >vhiter|ess.     Its  taste iA] 
cooling,  austere  and  disagreeable^  somewhat  analogous  tofl^ 
that  of  nitre.    It  dissolves  in  l6  parts  of  cold^  and  9\ 
boiling  water.     It  is  not  sensiUy  altered  by  exposure  to 
air.    When  heated  nearly  to  redness^  it  gives  out  more  tktti  i 
>  third  of  its  weight  of  oxygen  gas.    {t  detonates  loudly  wim 
mixed  with  sulphur,  or  phosphorusi  aiHl  struck  upon  an  an^ 
or  triturated  in  a  mortar.    The  experiment  ought  not  to  be 
tried  with  more  than  a  grain  of  the  mixtqre.     It  maybe 
made  into  gunpowder  with  sulphur  and  cbarcoali  but  it  is 
liable  to  explode  during  the  preparation* 

Sp.  2.  Hyperoxymuriate  of  Soda.  This  salt  is  not  easily 
obtained  pure,  because  it  is  as  soluble  in  water  as  the  muriate 
of  soda,  with  which  it  is  mixed  in  the  prepamtion.  It  ciys. 
talli;(es  in  cubes.  It  produces  a  sensation  of  cold  in  the 
mouth,  and  has  a  taste  dificrent  from  that  of  common  salt. 
It  dissolves  in  about  three  parts  of  cold  water.  In  the  air  it 
deliquesces  slightly.     It  dissolves  in  alcohol. 

Sp.  3.  Hyperoxymuriate  of  Ammonia.  This  salt  may  be 
formed  by  mixing  carbonate  of  ammonia  with  an  earthy  hy- 
peroxymuriate. It  is  very  soluble  in  water  and  alcc^ol,  and 
is  decomposed  at  a  moderate  temperature. 

Sp.  4.  Hyperoxymuriate  of  Magnesia.  This  salt  resem- 
bles the  hyperoxymuriate  of  lime  in  its  properties. 

Sp.  5.  Hi/peroxymnriate  of  Lime.  This  salt  may  be 
formed  by  passii^  a  current  of  oxynuiriatic  acid  gas  through 
lime  diffused  in  water,  and  boiling  phosphate  of  silver  in  the 
solution^  filtering  and  evaporating.  Its  taste  is  sharp,  and 
bilter.  It  is  very  deliquescent,  and  dissolves  copiously  in  al- 
cohol. 

Sp.  6.  Hyperoxymuriate  of  Barytes.  Tliis  salt  may  be 
obtained  in  the  same  way  as  tlie  preceding  species.  It  is  so- 
luble in  four  parts  of  cold  water. 
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Sp.  7.  Hyperoxynmriaie  of  Strontiafh  ThU  salt  may  be 
prepared  like  the  preceding.  It  crystallizes  in  needles,  deli- 
quesQeSy  and  is  soluble  in  alcohol. 

The  following  table  exhibits  a  view  of  die  constituents  of 
die  fayperoxymuriates,  as  far  as  has  been  ascertained. 


« 
■ 

J  . 

H^ptroxymuriaie  of 

Acid, 

Bate* 

WaUr. 

Magnesia 

100 

42*80 

2S*8S 

Soda 

100 

44-78 

6-35 

Lime 

100 

51*25 

29*89 

1 

Strontiui 

100 

56-52 

60*87 

• 

Potash 

100 

67-24 

4-SO 

• 

Barytes 

100 

89-78 

22-98 

Genus  XIII.     Arseniates. 

« 

When  the  salts  belonging  to  this  genus  are  heated  along 
vritfa  charcoal  powder^  they  are  decomposed  and  arsenic 
sublimes. 

Sp.  1.  Arseniate  of  Potash.  This  salt  does  not  crystal- 
^e.  It  deliquesces,  and  changes  vegetable  blues  to  green. 
The  mperarseniate  of  potash  is  a  transparent  white  salt  which 
aystallizes  in  four-sided  prisms,  terminated  by  four-sided  py- 
nttnids.  It  is  soluble  in  water,  and  gives  a  red  colour  to  ve- 
getable blues. 

Sp.  2.  Arseiiiate  of  Soda.  This  salt  crystallizes  in  six- 
sided  prisms.     Tlie  superarseniate  does  not  crystallize. 

Sp.  3.  Arseiiiate  of  Ammonia,  This  salt  ci^ystallizes  in 
rhomboidal  prisms.  With  an  excess  of  acid  it  cr}stullizes  in 
needles. 

o 
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Sp.  4.  Arsetiiate  of  Magnesia.  This  salt  does.Bot  oji- 
tellize^  but  may  be  obtained  in  a  solid  gummy  mass. 

Sp.  5.  Arseniate  of  Lime.  This  salt  crystallizes,  and  is 
soluble  in  water. 

Sp.  6.  Arseniate  of  Batytes.  This  salt  is  instable  in 
water,  and  cannot  be  crystallized. 

Sp.  ?•  Arseniate  of  Alufnina.  This  salt  is  n  white  pow- 
der insoluble  in  watw. 

Sp.  8.  Arseniate  o^  Ytiria,  This  salt  is  likewise  a  yfHk 
powder,  which  does  not  ciystallize. 

G^NXJS  XIV.     Arsenites. 

The  term  arsenite  has  been  applied  to  the  cooibinations  of 
white  oxide  of  arsenic  widi  die  salifiable  bases.  The  alkip 
line  arsenites  are  yellow  coloured  masses  with  a  nauseow 
odour  not  crystallizable,  formerly  called  livers  of  arsenic. 
The  earthy  arsenites  are  white  powders  nearly  insoluble  in 
water. 

Genus  XV.     Molt/bdates. 

If  into  a  solution  of  a  molybdate  a  cylinder  of  tin  with  some 
muriatic  acid  be  put,  the  liquid  gradually  assumes  a  deep 
blue  colour. 

Sp.  1.  Molybdate  of  Potash.  This  salt  crystaOizes  in 
smair  rhomboidal  plates.  It  is  bright  and  has  a  metallic 
taste.     It  is  soluble  in  hot  water. 

Sp.  2.  Molybdate  of  Soda,  This  salt  crystallizes,  and  is 
very  soluble  in  water. 

Sp.  3.  Molybdate  of  Ammonia.  This  salt  is  soluble  m 
water,  and  does  not  crystallize. 

Sp.  4.  Molybdate  of  Magnesia.  This  salt  also  is  soluble 
in  water,  and  does  not  crystallize. 


^^^ 
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Sp.  5,  Molybdate  of  Lime.  This  is  a  while  iiisoluble 
powder. 

Genus  XVI.     Tungsiates. 

These  salts  are  combinatiotis  of  yeDow  oKicte  of  tui^stea 
with  the  salifiable  bases. 

Sp .  1 .  Tungsttife  of  Potash.  TTiis  salt  is  soluble  in  \va- 
ter,  deliquesces  and  does  not  crystallize.  Its  taste  ia  metallic 
and  caustic. 

Sp.  2.  Tungslale  of  Sofia.  This  salt  crystallizes  in  elon- 
gated hexahedral  plates.  Taste  acrid  and  caustic.  Suluble 
in  four  parts  of  cold,  and  two  parts  of  boiling  water. 

Sp.  3.  Tungitate  of  Ammonia.  This  salt  crj-stalliifcs  in 
Beedles  or  small  plateti.  Its  tatte  is  metallic.  It  is  soluble 
b  water,  and  does  not  deliquesce. 

Sp.  4.  Tuiigstate  of  Magnma.  This  salt  crystallizes  in 
small  brjlliaut  scales.  It  is  soluble  in  water,  and  not  ahered 
by  exposure  to  the  air. 

Sp.  5.  Tangstate  of  Lame.  This  salt  is  found  native.  It 
is  usually  crystallized.  The  crystals  are  octahedrons.  Co- 
lour yellowish  grey,  Benii-traii^parent.  It  is  insoluble  in  y;a,- 
ter,  and  not  altered  by  exposure  to  tlie  air. 

Sp.  (i.  &.  7-  The  tungatates  of  baryles  and  of  aluminaj  are 
white  insoluble  powders  scarcely  examined. 

^^r  Genus  XVII.     Cliromates. 

^lis  geuuB  of  salts  has  been  but  imperfectly  examined. 
The  salts  have  usually  a  yellow  colour.  The  albdiue  chro- 
mates  and  chromate  of  lime  are  soluble  in  water  and  crys- 
talline ;  chromate  of  barytes  appears  to  be  insoluble. 

2 '2 
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Genus  XVIII.     Columbates. 

This  genus  of  salts  has  been  very  imperfectly  examined. 
We  know  only  the  columbate  of  potash  which  crystallizes 
in  scales.    Its  taste  is  acrid  and  disagreeable. 


ORDER  11. 

COMBUSTIBLE  SALTS. 

A 

Genus  I.     Acetates. 

The  acetates  are  all  soluble  in  water.  Heat  decomposes 
them,  driving  oflf  and  destroying  the  acid.  When  mixed  with 
sulphuric  acid  and  distilled^  acetic  acid  comes  over,  easily  dis- 
tinguished by  its  smell. 

Sp.  1.  Acetate  of  Potash,  This  salt  is  usually  obtained 
in  plates,  but  it  ciystallizes  regularly  in  prisms.  It  has  a 
sharp  warm  taste.  It  deliquesces  in  moist  air,  but  iu  dry  air 
undergoes  but  little  alteration.  It  is  soluble  also  in  alcohoK 
When  heated  it  melts,  arid  in  a  high  temperature  is  decom- 
posed. 

^  Sp.  2.  Acetate  of  Soda,  This  salt  crystallizes  in  striated 
prisms,  not  unlike  those  of  sulphate  of  soda.  It  has  a  sharp 
taste,  inclining  to  bitter.  It  dissolves  in  rather  less  than  three 
times  its  weight  of  cold  water.  It  is  not  affected  by  expo- 
sure to  the  air.  When  heated  it  loses  its  water  of  crystalli- 
zation, \and  is  decomposed. 

Sp.  5.  Acetate  of  Ammonia.  This  salt,  called  formerly 
^irit  of  Mindererusy  cannot  easily  be  crystallized  by  evap<^ 
ration,  but  it  may  be  obtained  in  needles  by  slow  sublima* 
tiou.    Its  taste  is  similar  to  that  of  a  mixture  of  susrar  and 
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nitre.  ^  It  is  very  deliquescent.  It  melts  at  170°,  and  au- 
blimes  at  about  250°. 

Sp.  4.  Acetate  of  Magnesiit.  This  salt  does  not  crystal- 
lize. It  has  a  sweetish  laste.  It  is  very  soluble  both  in  wa- 
ter and  alcohol.     It  deliquesces  in  the  air. 

Sp,  5.  Acetate  of  Lime.  This  salt  cryEtallizes  in  needles, 
an<l  bus  a  glossy  appearance  like  satin.  Its  taste  is  bitter  and 
acid.  It  is  soluble  in  water,  and  not  altered  by  exposure  to 
the  air. 

Sp.  G.  Acetate  of  Bari/te.s.  This  salt  crystallizes  in  fine, 
transparent,  prismatic  needles.  Its  taste  is  acid  and  some- 
what bitter.  It  dissolves  in  little  more  than  its  weight  of 
water,  and  rather  effloresces  in  the  air.  Alcohol  dissolves 
about  T^TfT  of  its  weight  of  It.  _ 

Sp.  7-  Acetate  of  Stroiitinn.  This  salt  crystallizes.  Its 
laste  is  not  nnplea^^ant.  It  dissolves  in  little  more  than  its 
weight  of  cold  water.  It  gives  a  green  colour  to  vegetable 
blues, 

Sp.  8.  Acetate  of  Alumina.  This  salt  crystallizes  in 
needles,  is  very  deliquescent,  and  has  an  astringent  taste. 

Sp.  9.  Acetate  of  Ytlria.  This  salt  crystallizes  in  six- 
sided  plates  of  an  amethyst  red  colour,  and  is  not  altered  by 
exposure  to  the  air. 

Sp.  10.  Acetate  of  Gluciiia.  Tliis  salt  does  not  crjstal- 
lize,  but  yields  a  gummy  mass.  Its  taste  is  sweet  and  astrin- 
gent. 

Sp.  11.  Acetate  of  Ztrconia.  This  salt  does  not  crystal- 
lize, but  may  be  obtained  in  the  state  of  a  powder  which 
does  not  attract  moisture  from  the  air.  It  taste  is  astiiugeiit. 
It  is  very  soluble  in  water  aud  in  alcohol. 

The  following  (able  exhibits  a  view  of  the  constituents  of 
e  salts,  as  far  as  they  have  been  ascertained. 


33. 


946 


SALTS. 


CHAP.  III. 


Autatu  ^  AtkL 

Bste, 

Alumina 

100 

35«48 

Magnesia 

100 

41*55 

Ammonia 

100 

45-40 

Lime 

100 

53-5^ 

Soda 

100 

5804 

StroDtian 

100 

89-89 

Potash 

100 

108-45 

Barytes 

100    165-721 

Genus  II,    Benzoates. 

■A 

This  genus  of  salts  has  been  so  superficis^j  examined,  tkt 
fi  detailed  description  of  the  species  cannot  be  given.  M 
the  benzoates  examined  are  soluble  in  water,  crystallize  and 
have  a  sharp  saline  taste.  The  benzoates  of  fuiunonii  and 
alumina  deliquesce,  the  others  do  not.  Most  of  the  sp^ies 
form  feather-shaped  crystals. 

Genus  III,     Succinates^ 

This  genus  of  salts  is  almost  as  little  known  as  tfie  pre- 
ceding. Most  of  the  succinates  crystallize.  Succinate  of 
inagnesia  is  an  exception ;  and  succinates  of  barytes  and 
^lucin^,  are  nearly  insoluble  in  water. 

Genus  IV,     Moroxylates, 

Only  two  species  of  this  genus  have  been  ^xaaikiedi  lln 

moroxylates  of  lime  and  ammonia,  both  of  wbich  crystal- 
lize in  needleS;  s^d  ^e  splut^le  in  water. 


^ 


CAMPHOBATES. 


GeNTis  V.     Camphoraten. 

The  sdtH  belonging  to  tliis  genus  have  usually  a  bitterish 
taste.  ^VIlcll  lieuted,  diey  are  decom|>osed,  and  the  acid 
commoiilir  sublimes.  Before  the  blowpipe,  they  bum  with 
a  blue  flame. 

Sp.  I.  Camphorale  of  Potash.  This  salt  b  white  and 
transparent,  and  crystallizes  in  hexagons.  It  dissolviis  in 
100  parts  of  cold,  mid  in  four  parts  of  hot  water.  Alcohol 
also  dissolves  it,  and  burns  with  a  deep  blue  flanie.  When 
beated  it  melts,  and  the  acid  is  volatilized. 

Sp.  2.  Camphorate  of  ^oda.  This  salt  is  white  and 
transparent.  Its  crystals  are  irregular.  It  dissolves  in  ra- 
ther more  than  100  parts  of  culd,  and  in  eight  parts  of  hot 
water.  It  is  soluble  in  alcohol-  It  effloresces  slightly  in  the 
air. 

Sp.  3.  Campliorate  of  Ammonia.  This  salt  does  not 
readily  crystalliiie.  It  is  opabe,  and  has  a  sharp  bitterish 
taste.  It  dissolves  in  alwut  100  parts  of  cold,  and  three 
ports  of  hot  water.  It  is  soluble  in  alcoliol.  Wlien  heat- 
ed it  sublimes. 

Sp.  4.  Campl/orale  of  Magnesia.  This  salt  does  not  cry- 
stallize. It  is  white,  opake,  and  has  a  bitter  taste.  It  re- 
(jyires  about  'iHO  parts  of  water  to  dissolve  it.  Cold  alco- 
hol does  aot  act  on  it,  hot  alcohol  decomposes  it,  aud  di9- 
m  tlie  acid. 
Sp.  5,  Campliorate  of  Lime.  This  salt  does  not  cry- 
Cold  water  dissolves  very  Utile  of  itj  hot  water 
issolves  about  ■^^^'^  pari.  It-  is  insoluble  in  alcohol.  In 
the  air  it  falls  to  powder.  When  heated  it  melts,  and  the 
acid  is  volatilized. 

t  Sp.  6.  Camp/ioiate  of  Bargtet.    This  salt  does  not  ciy- 
iae.     It  has  little  taste.     It  its  scarcely  soluble  in  water 
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or  alcohol.     It  is  not  altered  by  exposure  to  Ae  air.     Whei 
heated  it  melts,  and  the  acid  is  volatilized. 

Sp.  7.  Camphorate  of  alumina.    This  salt  is  a  white  . 
powder,  with  an  acid,  bitter,  astringent  taste.     It  dissolvei 
in  about  200  parts  of  cold  water,  and  in  a  much  smaUer 
quantity  of  hot  water/    Hot  alcohol  dissolves  it  readily. 

/       Genu5  VI.     Oxalates. 

The  salts  belonging  t6  this  genus  are  easily  decomposed . 
in  a  red  heat ;  water,  carbonic  acid,  carbonic  oxids,  carbo- 
reted  hydrogen  and  charcoal  are  evolved,  and  the  acid  de- 
stroyed.    The   alkaline  oxalates  are  soluble  in  water,  and  * 
crystallize.     They  combine  with  an  excess  of  acid,  and  fonn 
super-oxalates.     The  earthy  oxalates  are  insoluble  in  water,  ' 
or  nearly  so.     lime  water  occasions  a  precipitate  in  the  so* 
lution  of  oxalates,  provided  there  be  no  great  excess  of  acid. 

Sp.  1.  Oxalate  of  Potash.  This  salt  crystallizes  in  flat 
rhomboids.  Its  taste  is  cooling  and  bitter.  It  dissolves  in 
thrice  its  weight  of  cold  water,  It  absorbs  a  little  moisture 
from  the  atmosphere. 

Sp.  2.  Superoxalate  of  Potash.  This  salt  is  extracted 
from  sorrel,  and  usually  sold  under  the  name  of  the  essential 
salt  of  lemons.  Its  crystals  are  small  opake  parallelopipeds. . 
It  has  an  acid,  pungent,  .bitterish  taste.  It  dissolves  in  about 
10  times  its  weight  of  boiling  water,  but  requires  a  much 
greater  quantity  of  cold  water.  It  is  not  altered  by  expo- 
sure to  the  air.  It  contains  exactly  double  the  quantity 
of  acid  which  the  oxalate  of  potash  contains. 

Sp.  3.  Quadroxalate  of  Potash.  This  salt  was  lately 
discovered  by  Dr  Wollaston,  by  digesting  superoxalate  of 
potash  in  nitric  or  muriatic  acids.  One  half  of  the  alkali 
^%  separated,  and  there  remains  behind  a  salt^  which  may  be 
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obtsined  in  crystals,  and  ^hich  contains  four  times  the  pro- 
portion of  acid  that  exists  in  oxalate  of  potash. 

Sp.  4.  Oxalate  of  Soda,  This  salt  crystallizes,  and  ha* 
nearly  the  same  taste  with  the  oxalate  of  potash.  Wheft 
heated  it  falls  to  powder,  being  deprived  of  its  water  of 
crystallization. 

Sp.  5.  Oxalate  of  Ammonia.  This  salt  crystallizes  in 
fiMir-sided  prisms,  terminated  by  dihedral  summits.  Its 
taste  is  bitter  and  unpleasant,  somewhat  similar  to  that  of 
nl-ammoniac.  100  parts  of  cold  Avater  dissolve  4|  of  this 
«dt.  It  is  insoluble  in  alcohol.  When  distilled,  carbonate 
of  ammonia  is  disengaged,  a  little  acid  sublimed,  and  some 
diarcoal  left  behind. 

Sp.  6.  Oxalate  of  Alumina,  This  salt  does  not  cry- 
/Mallize,  and  has  a  yellow  colour;  It  has  a  sweet  astringent 
ttete,  is  soluble  in  water,  and  sparingly  soluble  in  alcohol. 
It  deliquesces  in  the  air. 

The  remaining  species  are  nearly  insoluble  in  water. 

Sp.  7.  Oxalate  of  Magnesia.  This  is  a  tasteless  white 
powder,  not  sensibly  soluble  in  water ;  yet  oxalate  of  am- 
monia does  not  occasion  a  precipitate  when  dropt  into  sul- 
phate of  magnesia. 

Sp.  8.  Oxalate  of  Lime,  This  is  a  white  powder,  insolu- 
ble in  M^ater,  which  makes  its  appearance  when  oxalate  of 
mnmonia  is  poured  into  any  neutral  salt  with  base  of  lime. 
It  is  tasteless,  and  dissolves  readily  in  acids. 

Sp.  9.  Oxalate  of  Baryies.  This  is  an  insoluble,  taste^ 
less,  white  powder.  With  an  excess  of  acid,  it  may  be  ob- 
tained crystallized  in  needles. 

Sp.  10.  Oxalate  of  Strontian.  This  is  a  white,  insolu- 
ble, tasteless  powder.  The  superoxalate  of  strontian  is 
dso  insoluble.  It  contains  just  double  the  proportion  of 
licid  which  the  oxalate  does. 
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or  alcohol.     It  is  not  altered  by  exposure  to  the  air.     Whei 
heated  it  melts,  and  the  acid  is  volatilized. 

Sp.  7.  Camphorate  of  alumina.    This  salt  is  a  white  . 
powder,  with  an  acid,  bitter,  astringent  taste.     It  digsol?ei 
in  about  200  parts  of  cold  water,  and  in  a  much  smaller 
quantity  of  hot  water/    Hot  alcohol  dissolves  it  readily. 

/       Genu5  VI.     Oxalates. 

The  salts  belonging  to  this  genus  are  easily  decomposed 
in  a  red  heat ;  water,  carbonic  acid,  carbonic  oxids,  carbiH 
reted  hydrogen  and  charcoal  are  evolved,  and  the  acid  de- 
stroyed. The  alkaline  oxalates  are  soluble  in  water,  and  * 
crystallize.  They  combine  with  an  excess  of  acid,  and  foim 
super-oxalates.  The  earthy  oxalates  are  insoluble  in  watery 
or  nearly  so.  lime  water  occasions  a  precipitate  in  the  so* 
lution  of  oxalates,  provided  there  be  no  great  excess  of  acid. 

Sp.  1 .  Oxalate  of  Potash.  This  salt  crystallizes  in  flat 
rhomboids.  Its  taste  is  cooling  and  bitter.  It  dissolves  in 
thrice  its  weight  of  cold  water,  It  absorbs  a  little  moisture 
from  the  atmosphere. 

Sp.  2.  Superoxalate  of  Potash.  This  salt  is  extracted 
from  sorrel,  and  usually  sold  under  the  name  of  the  essential 
salt  of  lemons.  Its  crystals  are  small  opake  parallelopipeds. . 
It  has  an  acid,  pungent,  .bitterish  taste.  It  dissolves  in  about 
10  times  its  weight  of  boiling  water,  but  requires  a  mudi 
greater  quantity  of  cold  water.  It  is  not  altered  by  expo- 
sure to  the  air.  It  contains  exactly  double  the  quantity 
of  acid  which  the  oxalate  of  potash  contains. 

Sp.  3.  Quadroxalate  of  Potash.  This  salt  was  lately 
discovered  by  Dr  Wollaston,  by  digesting  superoxalate  of 
potash  in  nitric  or  muriatic  acids.  One  half  of  the  alkali 
U  separated,  and  there  remains  behind  a  salt^  w  hich  may  be 
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obtsined  in  crystals,  and  ^hich  contains  four  times  the  pro- 
portion of  acid  that  exists  in  oxalate  of  potash. 

Sp.  4.  Oxalate  of  Soda,  This  salt  crystallizes,  and  ha* 
nearly  the  same  taste  with  the  oxalate  of  potash.  When 
heated  it  falls  to  powder,  being  deprived  of  its  water  of 
crystallization. 

Sp.  5.  Oxalate  of  Ammonia.  This  salt  crystallizes  in 
four-sided  prisms,  terminated  by  dihedral  summits.  Its 
taste  is  bitter  and  unpleasant,  somewhat  similar  to  that  of 
sal-ammoniac.  10()  parts  of  cold  water  dissolve  4|  of  this 
salt.  It  is  insoluble  in  alcohol.  When  distilled,  carbonate 
of  ammonia  is  disengaged,  a  little  acid  sublimed,  and  some 
charcoal  left  behind. 

Sp.  6.  Oxalate  of  Alumina,  lliis  salt  does  not  crj'- 
/stallize,  and  has  a  yellow  colour;  It  has  a  sweet  astiingent 
taste,  is  soluble  hi  water,  and  sparingly  soluble  in  alcohol. 
It  deliquesces  in  the  air. 

Tlie  remaining  species  are  nearly  insoluble  in  water. 

Sp.  7.  Oxalate  of  Magnesia,  Tliis  is  a  tasteless  white 
powder,  not  sensibly  soluble  in  water ;  yet  oxalate  of  am- 
monia does  not  occasion  a  precipitate  when  dropt  into  sul^ 
phate  of  magnesia. 

Sp.  8.  Oxalate  of  Lime,  This  is  a  white  powder,  insolu- 
ble in  M'ater,  which  makes  its  appearance  when  oxalate  of 
ammonia  is  poured  into  any  neutral  salt  with  base  of  lime. 
It  is  tasteless,  and  dissolves  readily  in  acids. 

Sp.  9«  Oxalate  of  Barytes,  This  is  an  insoluble,  taste- 
less, white  powder.  With  an  excess  of  acid,  it  may  be  ob- 
tained crystallized  in  needles. 

Sp.  10.  Oxalate  of  Strontian,  This  is  a  white,  uisolu- 
ble,  tasteless  powder.  The  superoxalate  of  strontian  is 
also  insoluble.  It  contains  just  double  the  proportion  of 
licid  which  the  oxalate  does. 
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Sp.  11.  Oxalaieqf  Yttria.  This  is  alao  a  white^  iiHoh* 
ble,  tasteless  powder. 

llie  foUowiug  table  exhibits  the  compontioa  of  the  on- 
Utas,  as  fur  its  ascertained : 


■  # 


Oxalate*  of 

Acid, 

Base* 

Ammonia 

100 

34-12 

100 

35-71 

Soda 

100 

57-14 

Lime 

100 

60-00 

Potash 

100 

122*86 

Strootian 

100 

151-51 

Barytes 

100 

142-86 

Genvs  vn.     Mellates. 

This  genus  of  salts  has  been  but  imperfectly  examined. 
The  alkaline  mellates  are  soluble  in  water^  and  crystallize. 
The  earthy  do  not  appear  soluble,  and  therefore  are  usually 
in  the  state  of  flaky  powders. 


Genus  vni.     Tartrates. 

These  salts,  when  exposed  to  a  red  heat,  are  decompos- 
ed, and  the  base  remains  in  the  state  of  a  carbonate,  usu- 
ally mixed  with  charcoal.  The  earthy  tartrates  are  nearly 
insoluble  in  water ;  the  alkaline  are  soluble  ;  but  they  com- 
bine widi  an  excess  of  acid,  and  are  converted  into  super- 
tartrates,  which  are  much  less  soluble  than  the  tartrates. 
They  readily  combine  with  another  base,  and  form  tripk 
salts. 
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•  Sp.  I.  Tartrate  of  Potash.  Of  this  salt  there  are  two 
varieties.  Tlie  iiretj  containing  an  excess  of  acid,  is  usually 
called  tartar.  The  second,  which  is  neutral,  is  called  tar- 
Iralp  itf  poftnk,  and  formerly  it  was  called  mfu&fe  tartar, 
from  its  greater  solubility  in  water. 

Variety  1.  Supertartratr  of  Potash,  or  Tartar.  This 
salt  deposites  itself  on  the  side»  of  casks  in  which  \vine  is 
kept.  It  is  purified  by  solution,  and  evaporations.  It  is 
from  it  that  tartaric  acid  is  usually  obtained.  Its  cry.itals 
are  small  and  irregular.  Its  taste  is  acid,  and  rafiicr  un- 
pleasant. It  is  brittle,  and  soluble  in  about  60  parts  of 
cold  water.  It  is  not  altered  by  exposure  to  die  air,  but 
when  kept  dissolved  in  water  is  gradually  decomposed. 
When  distilled,  it  g^ves  out  a  great  deal  of  heavy  inllauiiua- 
ble  air,  and  carbonic  acid  gas  ;  and  an  acid  liquor  is  obtain- 
ed, formerly  called  ptfrotartarom  add,  but' now  known  to 
be  merely  the  acetic,  contaminated  with  a  little  empyreiimti- 
tic  oil.  Tlie  tartar  of  commerce  contains  about  5  per  cent. 
of  tartrate  of  lune. 

Variety  2.  Tartrate  <\f  Potash.  Tliis  salt  may  be  formed 
by  saturating  the  preceding  with  potash  or  its  carbonate.  Its 
crystals  art  Hat  four-sided  rectangular  prisma,  terminated  by 
dihedral  summits.  It  dissolves  iu  about  its  oavu  weight  of  cold 
watfr.     Its  taste  is  an  unpleasant  bitter. 

Sp.  2.  Tartrate  of  Soda.  This  salt  crystallizes  in  needles. 
It  is  soluble  in  its  own  weight  of  cold  water.  It  it  capable 
of  forming  a  siipertartrate. 

Sp.  3.  Tartrate  of  Ammonia.  This  salt  crystallizes  in 
small  |)olygonal  prisms.  It  has  a  cooling  bitter  taste.  It  is 
very  soluble  in  water.  It  ia  said  also  to  be  capable  of  fwm- 
ing  a  SHpeilartrate. 

Sp.  4"  Tartrate  of  Polask-and-Soda,  Tliis  salt  may  be 
formed  by  saturating  tartar  with  carbonate  of  soda.  It 
was  formerly  called  Kochdte  sail,  and  sa/l  of  Scigiiettc.    It 
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crystallizes  in  large  irregular  prisms.  It  has  a  bitter  taste,  ii 
very  soluble  in  water,  and  effloresces  when  exposed  to  the 

air. 

Tartar  forms  also  a  triple  salt  when  neutralized  by  am- 
monia. ,     ^ 

'  Sp.  5.  Tartrate  of  Magnesia,  This  salt  is  insoluble  in 
water,  unless  it  contains  an  excess  of  acid.  In  that  case  it 
crystallizes  in  six-  sided  prisms. 

Tartar  forms  a  triple  salt  when  neutralized  by  magnesia. 

Sp.  6.  Tartrate  of  Lime.  This  salt  is  a  white  powder  in- 
soluble in  cold  water.  It  is  difficult  to  free  it  from  water  by 
heat.     An  excess  of  acid  renders  it  soluble. 

Tartar  forms  a  triple  salt  when  ueutrallized  by  lime. 

Sp.  7.  Tartrate  of  Barytes.  This  salt  is  soluble ;  but  its 
properties  have  not  been  ascertained. 

Sp.  8.  Tartrate  of  Strontian,  This  salt  crystallizes  in 
triangular  tables.     It  is  insipid,  and  nearly  insoluble  in  water. 

Tartar  forms  triple  salts  when  neutralized  by  barytes  and 
strontian. 

Sp;  9-  Tartrate  of  Alumina.  .  This  salt  does  not  crystal- 
lize, but  forms  a  gummy  mass  soluble  in  water.  Its  taste  is 
astringent.     It  does  not  deliquesce. 

Tartar  forms  a  triple  salt  when  neutrallized  by  alumma". 

Sp.  10.  Tartrate  of  Yttria.  ^fhis  salt  is  soluble  in  water, 
but  not  to  a  great  degree. 

The  following  table  exhibits  the  composition  of  the  t^ 
trates  as  far  as  it  has  been  ascertained. 


SECT.  I. 


CITRATES. 


253 


Tartrates  of 

AcivL 

Basle. 

Alumina 

100 

31-06 

Magnesia 

100 

S6«30 

•    !■                            1 

Ammonia 

100 

39-67 

Lim« 

100 

45-00 

Soda 

100 

50-80 

Strontian 

100 

78-60 

Potash 

100 

72-41 

Barytes 

100 

131-41 

1> 


Genus  IX.     Citrates. 


When  barytes  is  poured  into  a  solution  of  a  citrate  a  pre- 
cipitate appears.  They  are  decomposed  also  by  the  mineral 
acids,  and  by  oxalic  and  tartaric  acids.  When  distilled^  they 
yield  traces  of  acetic  acid.  When  kept,dissolved  in  water  the 
9cid  is  gradually  decomposed. 

Sp.  1.  Citrate  of  Potash.  This  salt  does  not  crystallize 
easily.     It  is  very  soluble  in  water,  and  readily  deliquesces. 

Sp.  2.  Citrate  of  Soda.  This  salt  cystallizes  m  six-sided 
prisms,  not  terminated  by  pyramids.  Ils  taste  is  salt  and 
cooling,  but  mild.  It  dissolves  in  less  dian  twice  its  weight  of 
M^ter.     When  exposed  to  the  air  it  effloresces  slightly. 

Sp.  3.  Citrate  of  Ammonia.  This  salt  crystalhzes  inelon* 
gated  prisms.  Its  taste  is  cooling,  aud  moderately  saline.  It 
i8  very  soluble  in  water. 

Sp.  4.  Citrate  of  Magnesia.  This  salt  is  very  soluble  in 
water.  •  It  does  not  crystallize. 

Sp.  ^.  Citrate  of  Lime.     This  is  a  white  powder  scarcely 
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soluble  in  water,  but  with  an  excess  of  acid  it  may  be  obH^ 
ed  in  crystals. 

Sp.  6.  Citrate  of  Barytes^  This  srit  is  very  unperfecdf 
soluble  in  water.  It  may  be  obtained  in  die  state  of  a  while 
powder,  or  of  silky  flakes. 

Sp.  7.  Citrate  of  Strontian.  This  salt  is  soluble  in  wa- 
ter. It  may  be  obtained  in  crystals ;  and  is  said  toressmble 
in  its  properties,  the  osbakite  or  tartrate  of  strontian. 

GfiNUS  X.     Kinates, 

■        ■  ;.ll 

Only  one  species  of  this  g^nns  of  salts  has  been  hitherto 
examined,  namely  kinate  of  Umef  obtained  by  macerating 
yellow  Peruvian  bark  in  water,  and  ein^rating  the  scdntimiu 
It  is  white,  crystallizes  in  rhomboidal  plates,  dissolves  in  about 
five  times  its  weight  of  cold  water,  and  is  insoluble  in  alco- 
hol. When  heated  sufficiently,  it  is  decomposed^  and  the 
acid  destroyed. 

Genus  XI.     Saccolates. 

These  salts  h^ve  hitherto  been  too  superficially  examined 
to  admit  of  description.  The  alkaline  saccolates  are  solabk 
in  water,  but  the  eartby  are  insoluble  in  tbiat  liquid. 

*  • 

Genus  XII.     Sebates. 

From  the  observations  of  Berzelius,  it  af^iears  that  the  ae- 
bates  approach  very  nearly  to  the  benzoates  in  their  proper- 
ties. 

Genus  XIII.     Urates. 
For  the  best  account  of  these  salts  we  ara  indebted  to  Dr 
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Heniy.  They  are  white  powders  destitute  of  taste^  and  iin«- 
perfectly  soluble  in  water.  Urate  of  ammonia  is  the  most 
ioliiblei  and  urate  of  barytes  the  least  soluble. 

Genvs  XIV.    Malates. 

This  gemts  of  sahs  has  also  been  imperfectly  investigated. 
Hie  alkaline  matates  are  soluble  in  water,  and  deliquesce 
ia  the  air.  Malates  of  barytes  and  lime  are  nbarly  insoluble 
but  the  latter  combines  widi  an  excess  of  acid,  and  forms  a 
mpeimalate  of  lim^,  which  dissolves  in  water.  This  last  Kilt 
ii  ecmimon  in  die  vegetable  kingdom.  Malate  of  strontian 
dfasolves  in  water,  and  malate  of  magnesia  is  very  soluble  in 
Aat  liquids 

Genus  XV.     Formiates. 

These  salts  resemble  the  acetates  in  their  properties.  But 
diey  have  been  only  superficially  examined. 

Genus  XVI.     Suberates. 

•  These  salts  have  a  bitter  taste.  They  are  all  soluble  in 
W9ter,  except  the  siiberate  of  barytes.  The  earthy  suber- 
ates  scarcely  crystallize.  Most  of  diese  salts  have  an  excess 
of  acid. 

Genus  XVII.     Gallates. 

The  gallic  acid  seems  scarcely  capable  of  forming  perma- 
nent salts  with  die  salifiable  bases.  When  the  alkalies  are 
dropt  into  a  solution  of  gallic  acid,  it  assumes  a  green  colour. 
Wheal}ie  li€[uid  is  evaporated,  the  acid  seems  %o  bo  decom- 
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posed.     Gallic  acid  occasions  a  blue  or  a  red  colour^  wInd 
dropt  into  lime,  barytes  or  strontian  w^ter. 

Genus  XVIII.     Priissiates. 

The  prussic  acid  combines  with  the  salifiable  bases,  but 
the  compounds  have  little  permanency,  as  the  acid  is  sepa- 
rated by  mere  exposure  to  the  air,  or  by  a  heat  of  120^. 
Hence  these  salts  have  been  but  little  examined.  It  is  car 
pable  of  combining  with  an  alkali  or  earth,  and  widi  a  m^ 
tallic  oxide  at  the  same  time,  and  of  forming  triple  saltB^ 
whicli  have  a  great  deal  of  permanency.  The  oxide  of  iron 
is  th«  metallic  oxide  usually  present.  Of  all  these  salts  the 
most  miportant  is  the  prussiate  of  potash-and-irmiy  or  the 
triple  pmmate  of  pot  ashy  as  it  is  in  common  use  as  a  re- 
agent. It  crystallizes  in  cubes  or  parallelopipeds.  It  has 
a  yellow  colour,  and  is  semi-transparent.  It  contains  about 
one- fourth  of  its  weight  of  oxide  of  iron.  It  has  a  bitter 
taste,  and  is  uisoluble  in  alcohol,  diough  soluble  enou^ 
in  water. 

Sect.  II.     Of  ^letallim  Salts. 

Acids  combine  only  with  tlie  oxides  of  metals ;  they  seem 
incapable  of  uniting  with  metals  themselves.  NoW  most  me- 
tals form  more  than  one  oxide,  and  acids  are  usually  capable 
of  combining  with  two  oxides  at  least  of  the  same  metal. 
The  properties  of  the  salt  vary  a  good  deal  according  to  the 
fiiatc  of  oxydizement  of  the  oxide.  Thus  muriatic  acid  com- 
bined \vith  the  protoxide  of  mercury  forms  a  salt  insoluble 
in  vvattr,  and  which  acts  merely  as  a  cathartic  when  taken 
internally.  Hie  same  acid  combined  with  the  peroxide  of 
mercury  forui^  a  salt  which  is  soluble  in  water,  and  consti- 
tutes one  of  the  most  virulent  poisons  known.     To  distin- 
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giuah  thp  state  of  oiudizement  of  tlie  metal  in  these  salts 
dierefore  is  necessary.  At  present  I  shall  satisiy  myself  with 
denoting  those  metalline  salts  that  contain  protoxides  by  the 
tunal  name ;  while  to  tlie  names  oF  those  that  contain  a  pert^ 
xide  the  syllables  0x1/  will  be  prefixed.  Tlius  muriate  of 
mercuTy  is  the  compound  of  muratic  acid  and  protoxide  of 
mercury ;  oiynumate  of  meratry  is  the  compound  of  the 
same  acid  and  peroxide  of  mercury.  As  tliere  are  twenty- 
seven  metals,  it  is  obvious  that  tlie  genera  of  metalline  salts 
are  t^venty-seven. 

Genus  I.     Salts  of  Gold. 

The  salts  of  gold  are  soluble  in  water,  and  tlie  solution  has 
a  yellow  colour.  Triple  prussiate  uf  potusli  occasions  a 
white  precipitate  in  them,  and  the  infusion  of  nut^alls  gives 
them  a  green  colour,  and  occasions  a  brown  precipitate  which 
is  gold  reduced.  A  plate  of  tin  or  muriate  of  tin  occasions 
a  purple  precipitate.  Sulphate  of  iron  precipitates  the  gold 
in  the  metallic  state. 

Sp.  1.  MiinaU  of  Gold.  Iliis  salt  is  easily  obtained  by 
dissolving  gold  in  a  mixture  of  one  part  nitric  and  four  parts 
muriatic  acid.  Tlie  solution  takes  place  speedily,  and  with 
effervescence.  It  has  a  yellow  colour,  and  when  sufficiently 
concentrated,  lets  fall  small  yellow  crystals  of  nmriate  of 
gold.  1'hey  are  four-sided  prisms  or  truncated  octahedrons, 
and  exceedingly  deliquescent.  '^The  taste  of  this  salt  is  acerb 
with  a  little  bitterness.  It  tinges  the  skin  of  an  indelibls 
purple  colour.  It  dissolves  readily  in  alcohol,  and  seems 
raore  soluble  in  ether  than  in  water.  Almost  all  the  metals 
throw  down  the  gold  from  this  salt,  either  in  the  metallic 
state  oT  in  thai  of  a  purple  oxide.  Hydrogen,  phusphorut 
and  sulphurous  acid,  produce  the  same  elTect  by  depriving  the 
gold  of  its  ox^en.     Munite   of  tin   occasions  »  beautifu] 
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powder  called  purple  of  camus.  It  is  employed  as  a  paint, 
and  to  give  a  red  colour  to  glass  and  porcelain.  Accordii^  to 
Proust^  it  is  a  compound  of  diree  parts  of  the  oxide  of  tin, 
and  one  part  of  gold  in  die  metaUic  state.  But  it  seems 
more  likely  that  the  gold  is  in  the  state  of  protoxide. 

Sp.  2.  Nitrate  of  Gold.  Nitric  acid  containing  a  consi- 
derable proportion  of  nitrous  gas  in  solution^  dissolves  gold, 
especially ^f  it  be  much  divided,  as  is  the  case  in  gold  leaf. 
The  solution  has  an  orange  colour,  and  cannot  be  evaporat- 
ed  to  dryness  without  decomposition. 

The  other^  salts  of  gold  have  not  hitherto  been  examined. 

Gen,us  II.     Salts  of  Platinum 

The  solution  of  these  salts  in  water  has  a  brown  or  yel- 
lowish brown  colour.  No  precipitate  is  produced  by  pru*- 
siate  of  potash  or  infusion  of  nutgalls.  Sal-ammonku:  oc- 
casions a  copious  yellow-coloured  precipitate. 

Sp.  1.  Nitrate  of  Platinum.  Nitric  acid  does  not  act 
upon  platinum,  but  it  dissolves  its  peroxide,  and  forms  a  salt 
not  hitherto  examined. 

Sp.  2.  Muriate  of  Platinum.  This  salt  is  obtained  by 
,  dissolving  platinum  in  aqua  regia,  and  evaporating  the  solu- 
tion, which  is  of  a  dark  brown  colour  and  opake.  Small 
irregular  crystals  of  nmriate  of  platinum  may  be  obtained, 
not  more  spluble  in  water  than  sulphate  of  lime.  This  salt 
has  a  disagreeable  astringent  metallic  taste.  Heat  drives 
off  the  acid,  and  reduces  the  oxide  to  the  metallic  state. 

The  properties  of  the  remaining  species  have  been  but 
imperfectly  examined.  Potash  and  ammonia  are  capable  of 
combining  with  the  salts  of  platinum  and  forming  compounds 
very  little  soluble  in  water.  Hence  a  precipitate  takes  place 
when  these  alkalies  are  poured  into  solutions  containing  pla- 
tinum. 
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Genus  III.     Salts  of  Silver. 

The  nitric  is  the  only  acid  which  dissolves  silver  witJi  fa- 
cility, but  Uiey  all  combine  with  its  oxides  and  form  salts, 
most  of  which  are  but  sparingly  tioluble  in  water.  When 
the  salts  of  silver  are  exposed  to  the  action  of  the  blow-pipe 
on  charcoal,  a  globule  of  silver  is  obtained.  Muriatic  acid 
or  a  muriate  occasions  a  wliife  precipitate  in  their  solutions 
which  becomes  black  when  exposed  to  the  light.  The  prus- 
siates  occasion  a  white  precipitate,  and  the  hydrosulpliuret 
of  potash  a  black  precipitate  in  these  solutions. 

Sp.  J .  ?iilrate  of  Silver.  There  are  two  species  of  this 
.salt ;  the  first,  which  has  been  long  known,  is  an  oxifnitrate; 
the  second,  recently  discovered  by  Proust,  is  a  nitrate. 

1.  O.xynitrale.  Nitric  acid  dissolves  silver  with  facility, 
lutrous  gas  being  emitted.  Tlie  solution  is  colourless  and 
transparent ;  very  heavy  and  very  caustic.  It  tinges  tiie  skin 
of  an  indelible  black,  and  is  often  used  as  a  cautei'y.  When 
evaporated  sufltcieiitly  it  dt^posites  crystals  of  oxynitrate  of 
silver.  They  are  usually  in  thin  plates,  transparent,  and 
have  an  uitensely  bitter  and  metallic  taste.  It  docs  not  de- 
liquesce, but  becomes  brown  iu  a  strong  light,  ^^'heo  heat- 
ed, it  readily  melts,  and  congeals,  when  cold,  into  a  grey 
mass  crystallized  in  needles.  In  this  state  it  is  cast  into  small 
cyliuders,  and  used  under  the  name  of  lunar  cattstic  by  Sur- 
geons, to  open  ulcers,  and  destroy  fungous  excrescences. 
It  detonates  when  healed  with  combustibles,  or  when  struck 
with  phosphonis  upon  an  anvil,  and  the  silver  is  reduced. 
A  moderate  heat  disengages  the  acid,  and  reduces  (he  sdver 
to  the  metallic  state.  It  is  composed  of  about  seventy  per- 
oxide  of  silvei-,  and  thirty  nitric  acid. 

2.  yitrale.  Iliis  sail  may  be  formed  by  boiling  powder 
of  gilver  in  a  saturated  solution  of  oxjmtrale  of  adver-    A 
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pale  yellow  coloured  liquid  is  obtained,  which  contiuiis  m» 
trate  in  solution.  This  salt  is  exceedingly  soluble  in  water, 
and  is  not  easily  crystallized.  When  sufficiently  evaporated, 
it  congeals  entirely  into  a  solid  mass.  When  exposed  to  the 
air,  or  mixed  with  nitric  acid,  it  speedily  absorbs  oxygen^ 
end  is  converted  into  oxynitrate. 

Sp.  2.  HyperoTj/muriate  of  Silver.  This  salt  may  be  ob- 
tained by  boiling  phosphate  of  silver  in  hyperoxymwiate  of 
alumina.  It  is  soluble  in  two  parts  of  warm  water;  as  the 
solution  cools  it  crystallizes  in  small  rhomboids,  opake  and 
dull  like  nitrate  of  lead.  It  is  soluble  in  alcohol.  Whoi 
exposed  to  a  moderate  heat,  oxygen  gas  is  given  oyt  and 
muriate  of  silver  remains.  When  mixed  with  sulphur,  and 
fitruck  upon  an  anvil,  it  detonates  with  prodigious  vio% 
lence. 

Sp.  3.  Muriate  of  Silver.    This  salt  is  easily  obtained, 
by  pouring  common  salt  into  a  solution  of  nitrate  of  silver. 
It  is  at  first  a  heavy  white  curdy  precipitate,  but  it  soon 
blackens  when  exposed  to  the  air.     It  is  insoluble  in  water. 
When  heated  to  about  500®,  it  melts  into  a  grey   coloured 
semi-transparent  mass,   having  some  resemblance  to  horn, 
and  formerly  called  Iwia  cornea.     When  heated  with  potash, 
or  when  boiled  with  water  and  iron  filings,  it  is  decomposed, 
and  the  silver  reduced  to  the  metallic  state.     It  dissolves  in 
ammonia  ;  it  is  likewise  soluble  in  muraticacid,  and  by  that 
means  may  be  obtained  in  octahedral  crystals.     It  is  com- 
posed  of  about  eighteen  acid,  and  eighty-two  peroxide  of 
silver.     One  hundred  parts  of  dry  muriate  of  silver  contain 
about  75*6  parts  of  pure  silver. 

Sp.  4.  Sulphate  of  Silver.  This  salt  may  be  formed  by 
boiling  powder  of  silver  in  sulphuric  acid.  A  white  mass 
is  obtained,  soluble  in  diluted  sulphuric  acid,  and  yielding 
{Crystals  by  evaporation.  The  crystals  are  smalf  prisms. 
They  dissolve  in  about  eighty-seven  parts  of  water^    They 
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BEBssolve  also  in  nitric  acid,    Tbey  melt  when  heated,  and 
^w«  easily  decomposed,  tiie  silver  being  reduced.     It  is  com- 
^mjsed  of  about  17'4  acid  and  82'6  peroxide  of  silver. 
^^   Sp.  5.  Sulphite  of  Silver.     This  salt  may  be  obtained  by 
^mixing  sulphite  of  ammonia  and   nitrate   of  silver.     It  is  a 
^ndiite  powder,  scarcely  soluble  in  water,  and  having  an  acrid 
^^betallic  taste.     In  the  light  it  becomes  brown.     When  heat- 
^Bd-it  is  decomposed,  and  the  silver  reduced. 
^B  Sp,  6.  Phosphate  of  Silver.     This  ia  a  white  powder  in- 
^Boluble  in  water,  but  soluble  in  nitric  acid. 
B   Sp.  7.  Carbonate    of  Silver.     This  is  a  white   insoluble^ 
^Bpwder,  whicli  becomes  black  when  exposed  to  the  light. 
^P-  Sp.  S.  Filiate  of  Silver.     This  is  a  white  powder  inao- 
^Gnble  in  water. 

W     Sp-  y.   Bornle  of  Silver.     Tiiis  likewise  b  a  white  inso- 
I  inh\e  powder. 

I      Sp.  10.  Acetate  of  Silver.     This  salt  crystallizes  in  small 
I  pnsms,  easily  soluble  in  water.     When  heated,  it  swells  and 
I  jields  a  portion  of  ethereal  liquor.      The  silver  is  redu- 
ced. 

Sp.  II.  Bemoate  of  Silver.  This  salt  is  soluble  in  wa- 
ter, and  does  not  deliquesce. 

Sp  12.  Sacdnate  of  Silver.  This  salt  crjstallizes  in 
tluu  ubloiig  radiated  prisms. 

Sp.  13.  Oxaliite  of  Silver.  This  is  a  white  powder, 
•carcely  soluble  in  water,  insoluble  in  alcyhol,  but  soluble 
in  nitric  acid. 

Sp.  14.  Tartrate  of  Silver.  This  salt  is  soluble  in 
water. 

Sp.  15.  Citrate  of  Silver.  Tliis  salt  is  insoluble  in  wa- 
ter.    It  is  decomposed  by  nitric  acid. 

Sp.  16.  Saccolale  of  Silver.  A  white  insoluble  pow- 
der. 

Sp.  17.  Matate  of'  Sitvtr.    A  white  powder. 
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Sp.  18.  Arseniate  of  Silver.  An  insoluble  brown  pot*  P^ 
der.  IP 

Sp.  19.  Chromate  of  Silver.  A  beautiful  ciimson  pofF»ll* 
der  which  becomes  purple  when  exposed  to  the  light.  |* 

Sp.  to.  Molybdate  of  Silver.    A  white  flaky  powder. 

Jiii 
Genus  IV.     Salts  of  Mercury. 

Mercurial  salts  when  strongly  heated  are  volatilized,  and  |" 
traces  of  meixury  may  sometimes  be  observed.     The  pras- 
siates   occasion  in  them  a  white  precipitate,  hydrosulphuret 
of  potash,  a  black  precipitate^  and  infusion  of  nu^Is  an 
orange  yellow  precipitate. 

Sp.  1 .  titrate  of  Mercury.  There  are  two  species  of 
this  salt,  ifirst  correcdy  distinguished  by  Bergman,  namely  the 
nitrate  and  oxynitrate. 

1 .  Nitrate.  .This  salt  is  obtained  by  dissolving  mercury 
in  diluted  nitric  acid  without  the  assistance  of  .heat.  The 
solution  is  colourless,  very  heavy  and  caustic.  It  tinges  the 
skin  indelibly  black.  It  crystallizes  in  transparent  octahe- 
drons having  their-  angles  truncate.  Sulphurated  hydrogen 
gas,  passed  through  the  solution  of  this  salt,  reduces  the  mer- 
cury which  separates  in  combination  with  sulphur.  Muriate 
of  tin  throws  down  the  base  in  the  state  of  running  mer- 
cury. 

2.  Oxynitrate.  This  salt  is  formed  when  nitric  acid 
is, made  to  dissolve .  mercury  with  the  assistance  of  heat; 
provided  an  excess  of  mercury  be  not  present.  By  conti- 
nuing the  heat,  the  solution  passes  into  a  yellow  coloured 
crystalhne  mass.  When  diluted  with  water,  a  white  or  yel- 
low powder  separates  which  is  a  suboxynitrate  of  mercury. 

Sp.  2.  Hyperoxymuriate  of  Mercury.  Mr  Chenevix  ob- 
tained this  sal^  by  passing  a  current  of  oxymuriatic  acid 
dirough  water;  in  which  red  oxide  of  mercury  was  diffused. 
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iy  evaporating  the  solution,  crystals  of  oiymuriate  and  Ay- 
tfoxymuriate  of  mercury  were  deposited.     'Die  latter  were    , 
Icked  out  and  purified  by  a  subsequent  crystallizatioD.    This 

oluble  in  about  four  parts  of  water. 
}  Sp,  3.  Mnriate  of  Mercury.  Of  this  aalt  there  are  two 
Kies,  both  long  known,  namely  the  oxi/rHJiriate  and  mu- 
■ :  Both  are  of  great  importance. 
Oxymuriate.  Thi«  salt  is  usually  called  corrosive  sti- 
mate,  or  corrosive  mm  'ale  of  mercury.  It  was  known  to 
I  alchyniists.  A  vast  number  of  methods  of  preparing  it 
E  been  made  public.  The  most  commoii  method  is  to 
;  together  equal  weights  of  dry  osjniitrate  of  mercury, 
repitated  common  salt,  and  calcined  sulphate  of  iron. 
Dne-third  of  a  matrass  or  phia!  is  filled  witli  this  mixture. 
The  vessel  is  placed  in  a  sand-bath,  and  gradually  heated  to 
redness,  A  cake  of  oxymuriate  of  mercury  sublimes  into  the 
upper  part  of  tiie  vessel.  It  may  be  formed  directly  by  dis- 
solving red  oxide  of  mercury  in  muriatic  acid. 

It  has  usually  the  form  of  a  ^vhite  semi-transparent  cake 
composed  of  small  prisms.  Its  specific  gravity  is  5' 1393. 
Its  taste  is  excessively  acrid  and  caustic,  aixl  it  leaves  for  a 
long  time  a  very  disagreeable  styptic  metaiiic  impressiop  on 
the  tongue.  It  is  one  of  the  most  virulent  poisons  known. 
It  is  soluble  in  about  QO  parts  cold  and  a  parts  boiling  wa- 
ter. Alcohol  dissolves, nearly  half  its  weight  of  it.  It  is  not 
altered  by  exposure  to  the  air.  When  heated  it  sublimes 
very  readily,  and  the  fumes  are  very  dangerous  when  inhaled. 
Tt  is  soluble  in  sulphuric,  nitric  and  muriatic  acids,  decom- 
jiosed  by  the  alkalies,  and  precipitated  of  a  brick  red  colour. 
'I'lie  alkaline  earths  likewise  decompoije  it,  and  ammonia 
f'lnns  with  it  a  triple  compound.  It  is  composed  of  about 
I  <)  parts  of  acid  and  S 1  of  peroxide  of  mercury. 

2,  Muriate.  This  salt  is  distinguished  by  tiie  names  of 
calomel  and  n/cr(urius  duhis.     It  is  prepared  by  triturating 
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four  parts  of  oxymutiate  of  mercury,  and  three  parts  of  ir 
cury  in  a  mortar,  aiid  then  subliming  the  mixture  id 
trass.  It  is  a  dull  white  mass,  which  becomes  yellovri 
when  reduced  to  powder.  When  alowlj  sublimed,  it  cryi 
tallizes  in  four-sided  prisms,  terminated  by  pyramids.  IlM 
specific  gravity  is  7-1758.  It  is  insoluble  in  water.  It  ii  1 
tasteless.  \\  hen  rubbed  in  the  dark  it  phosphoresces.  It 
requires  a  higher  temperature  to  sublime  it  thao  osymuriale 
of  mercury.  Oxymuriatic  acid  and  nitric  acid  convert  it  in- 
to oxynmriate.  It  is  composed  of  about  1 1  acid  and  89  pro- 
toxide of  mercury. 

Sp.  4.  Sulphated  Mtrcury.     Of  this  salt,  likewise,  there 
are  two  species,  the  xulphate  and  oxtfuulphalc. 

1 .  Sulphate.  This  salt  may  be  obtained  by  boiling  ovtf 
mercury,  sulphuric  acid  diluted  with  its  own  bulk  of  watei 
Very  little  sulphurous  acid  gas  is  disengaged.  By  e 
tion  the  salt  is  obtained  in  small  prismatic  crystals.  It  d 
solves  in  500  parts  of  cold  water,  and  is  not  altered  by  expo<j 
sure  to  the  air.  The  alkalies  throw  down  a  dark-coloured 
sub-sidphate  of  mercury,  when  poured  into  a  solution  of  d 
salt.  The  sulphate  of  mercury  is  composed  of  12  acid,  8^ 
protoxide  and  5  water. 

S.  Oxifsu/phate.  Wheu  three  parts  of  sulphuric  acid  am 
boiled  on  two  parts  of  mercury,  the  whole,  by  continuing  diff 
heat,  is  converted  into  oxi/mlphate.  This  salt  crystalliz 
small  prisms.  When  neutral,  its  colour  is  a  dirty  white;  buV 
when  in  the  state  of  super-ox^sitlpkalc,  it  is  of  a  fine  white.' 
The  neutral  salt  is  not  altered  in  the  air,  the  super-osysul- 
phate  deliquesces.  It  is  composed  of  SI'S  acid,  63-8  pei^ 
oxide,  44  water.  When  water  is  poured  upon  this  salt,  il 
is  decomposed  and  converted  into  snpei--axi/sulpAate  which 
dissolves,  and  mb-oxymlphaie,  which  remains  in  the  state  <tf 
a  beautiful  yellow  powder.     This  sub-salt  is  used  as  a  pig- 
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ment,  and  was  formerly  known  by  the  name  of  ttirpetk  iiiiiie- 
ntl.     It  is  composed  of  Is  acid  and  Sj>  peroxide. 

Sp.  5.  P/ioapkafe  of  Mercaiy.  This  salt  may  be  formed 
fay  mixing  together  the  solutions  of  nitrate  of  mCrcury  and 
phosphate  of  soda.  It  is  a  white  powder,  insoluble  in  water, 
lately  introduced  into  medicine,  and  composed  of  28*5  acid, 
71'£  peroxide. 

There  seems  to  lie  no  such  salt  as  pho'phile  of  mercury. 

Sp.  6.  Carbonate  of  Mercurif.  A  white  insoluble  powder. 

Sp.  7.  Fittate  vf  Mercury.     A  white  insoluble  powder. 

Sp.  8.  Borate  of  Mercury.    A  yellow  insoluble  powder. 

Sp.  9.  Acetated  Mercury.  Of  this  salt  there  are  two 
■peciea,  tlie  acetate  and  oxacetate.  * 

1.  Acetate.  Tliis  salt  may  be  obtained  by  mixing  toge- 
ther solutions  of  nitrate  of  mercury  and  acetate  of  potash. 
Its  crystals  are  plates  of  a  silvery  whiteness.  It  has  an  acrid 
taste,  is  insoluhEe  in  alcohol,  and  scarcely  soluble  in  water. 

2.  Oxacetale.  This  salt  may  be  formed  by  dissolving  red 
oxide  of  mercury  in  acetic  acid.  It  is  a  yellow  moss,  which 
does  not  crystallize,  and  soon  deliquesces  in  the  air. 

Sp.  10.  Succinate  of  Mercury.  This  salt  crystallizes,  and 
is  soluble  in  water. 

Sp.  1 1 .  Beuzoate  of  Mercury.  A  white  powder,  insolu- 
ble in  water,  and  very  sparingly  soluble  in  alcohol. 

Sp.  12,  Oxalate  of  Mercury.  A  white  powder,  scarcely 
soluble  in  water,  which  blackens  when  esposed  to  the  light. 
It  detonates  when  heated. 

Sp.  13.  Mellate  of  Mercury.    A  white  powder. 

Sp.  14.  Tartrate  of  Mercury.  An  insoluble  white  pow- 
Jer,  beconiing  yellow  when  exposed  to  the  uir, 

Sp.  15.  Citrate  of  Mercury.  A  white  mass,  scarcely  so- 
luble in  water. 

Sp.  id.  Prrtxsiale  of  Mercury.    This  salt  may  be  formed 

boilii^  red  osids  of  mercury  and  pnusian  blue  iu  water. 
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It  crystallizes  in  four-sided  prisms,  terminalfed  by  four-sided 
pyramids.  Its  taste  is  acrid  and  metallic.  It  is  white,  and 
•oluble  in  vater. 

Sp.  17.  Arseniate  of  Mercury.  A  yellow  insoluble  pow- 
der. 

Sp.  18.  Molybdate  of  Mercury.   A  white  flaky  powder. 

Sp.  19.  Chromate  of  Mercury,  An  insoluble  powder^  of 
a  fine  purple  colour. 

Genus  V.     Salts  of  Palladium. 

'  The  salts  of  this  metal  are  almost  all  soluble  in  water,  and 
the  solution  has  a  fine  red  colour.  Prussiate  of  potash  oc- 
casions a  dirty  yellowish  brown  precipitate,  hydrosiilphuret 
of  potash,  and  the  alkalies  an  otange-yellow  precipitate  whea 
poured  into  solutions  of  these  salts.  Neither  nitrate  of  pot- 
ash nor  sal  ammoniac  occasions  any  precipitate  in  them. 
Nitric,  muriatic  and  sulphuric  acid  digested  on  palladium  ac- 
quire a  red  colour.  But  the  true  solvent  of  that  metal  is  ni- 
ti'o-muriatic  acid.  The  salts  of  palladium  are  not  yet  suffi- 
ciently known  to  admit  of  a  particular  description. 

Gen  us  VI.     Salts  of  Rhodium. 

The  solutions  of  these  salts  are  red.  Prussiate  of  potash, 
hydrosulphuret  of  potash,  sal  ammoniac,  and  alkaline  carbo- 
nates occasion  no  precipitate  in  them.  But  the  pure  alkalies 
throw  down  a  yellow  powder,  soluble  in  an  excess  of  alkali. 

Genus  VII.     Salts  of  Iridium. 

These  salts  are  soluble  in  water.  The  solution  is  at  first 
green,  but  becomes  red  when  concentrated  in  an  open  vessel. 
Neither  prussiate  of  potash  nor  infusion  of  nutgalls  occasion 


any  precipitate,  but  they  render  the  solutions  of  iridium  co- 
lourless. 


Genus  VIII.     Salta  of  Osmium. 
This  genus  of  salts  is  still  entirely  unknown. 

Genus  IX. _   Sails  of  Copper. 

Most  of  these  salts  are  soluble  in  water.'  The  solution 
liltie  or  green,  or  at  least  it  acquires  these  colours  when  ex- 
ad  to  the  air.  When  ammonia  is  poured  into  these  solu- 
s,  theyassume  a  deep  blue  colour.  Prassiate  of  potash 
occasions  a  greenish  yellow  precipitate,  hydrosulphuret  oi 
potash  a  black  precipitate,  and  ^itUic  acid  a  brown  precipi- 
tate in  these  solutions.  A  plate  of  iron  or  zinc  put  into  these 
solutions  precipitates  the  copper  iii  the  metallic  stale. 

Sp.  1.  l^itrafe  of'  Copper.  Nitric  acid  attacks  copper 
with  some  violence,  nitrous  gas  is  emitted,  and  the  metal  dis- 
solved. By  evaporation  the  salt  crystallizes  in  parallelopt- 
peds.  It  has  a  blue  colour,  its  taste  is  acrid  and  metallic, 
and  it  is  exceedingly  caustic.  It  is  very  soluble  in  water,  and 
speedily  deliquesces  in  the  air.  When  heated  if  undergoes 
the  watery  fusion  ;  and,  if  the  heat  be  increased,  the  acid  is 
driven  oft'  and  the  black  oxide  of  copper  reinauis  in  a  state  of 
purity.  It  detonates  feebly  on  burning  coals.  It  detonates 
when  mixed  with  phosphorus  and  sti'uck  upou  an  utivil. 
When  moistened  and  wrapt  up  in  liu-foil,  it  sets  the  tin  on 
fire.     It  is  comjioned  of  Iti  acid,  67  oxide  and  17  water. 

Sj).  '2.  Hypcr-oitpnitriate  of  Copper.  This  salt  may  be 
formed  by  passing  a  current  of  oxynmriatic  acid  through 
water,  containing  oxide  of  copper  dift\ised  llirough  it. 

Sp.  5.  Muriaied  Copper.  Of  this  salt  tliere  are  two  upe- 
,acSf  the  miiriute  and  oij/mttriale. 
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1.  Osymuriate.  This  salt  nlay  be  obtaiued  by  dissolving 
copper  in  nitro-muriatic  acid,  and  evaporating  the  solatioft 
Its  crystals  are  rectangular  parallelopipeds  of  a  grass-green 
colour.  It  is  very  acrid  and  caustic.  It  is  very  soluble  in 
ivater,  and  soon  deliquesces  in  the  air.  In  a  moderate  heat 
it  melts.  If  the  heat  be  increased,  oxymuriatic  acid  is  diseD- 
gagedy  and  muriate  of  copper  remains.  This  salt  is  compo- 
sed of  24  acid,  40  peroxide,  36  water. 

2.  Muriate.  This  salt  was  discovered  by  Proust.  It 
may  be  formed  by  putting  copper  filmgs  into  liquid  oxymur 
riate  of  copper  in  a  well-stopped  phial,  or  by  mixing  eqwl 
weights  of  black  oxide  of  copper  and  copper  in  powder,  aud 
dissolving  them  in  muriatic  acid  in  a  well-stopped  plual.  It 
crystallizes  in  octahedrons.  Its  solution  in  water  is  colour- 
ess  ;  when  diluted,  a  white  powder  precipitates,  which  is  a 
submuriate  of  copper.  When  exposed  to  the  air,  it  is  veij 
speedily  converted  into  oxymuriate.  It  is  composed  of  24*75 
acid,  70' 25  protoxide,  5  water. 

Sp.4.  Sulphate  of  Copper.  This  salt  has  jieen  long  known, 
and  in  commerce  is  distinguished  by  the  names  of  blue  vitriol 
or  blue  copperas.  It  crystallizes  in  oblique  parallelopipeds^ 
has  a  blue  colour,  a  styptic  metallic  taste,  and  is  employed  as 
a  caustic.  •  It  is  soluble  in  about  four  parts  of  cold  water. 
When  exposed  to  the  air,  it  effloresces  very  slightly.  By 
heat  it  is  decomposed,  and  black  oxide  of  coppi^r  remains. 
It  reddens  vegetable  blues,  and  is,  in  fact,  a  supersul[Jiate. 
The  real  sulphate  crystallizes  in  four-sided  prisms,  termi- 
nated by  pyramids.  This  salt  is  composed  of  33  acid,  32 
oxide,  and  35  water. 

Sulphuric  acid  does  not  seem  capable  of  combining  with 
protoxide  of  copper. 

Sp.  5.  Sulphite  of  Copper,  When  sulphite  of  soda  and. 
sulphite  of  copper  are  mixed,  whitish  green  crystals, of  sul- 
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phite  of  copper  are  deposited.  They  are  sparingly  soluble 
m  water. 

Sp.  6.  Phnsphate  of  Copper.  A  bluish  green  powder, 
Insoluble  in  uater. 

Sp.  7.  Carbonate  of  Copper.  A  beautiful  apple  green 
powder,  insoluble  iu  water.  It  is  often  found  native,  and  is 
diatinguished  by  mineralogists  by  die  name  of  malachite. 

Sp.  7.  Filiate  of  Cupper.  TTiis  salt  crystallizes  in  cubes 
of  a  blue  colour. 

Sp.  8.  Borate  of  Copper.  A  green  powder,  scarcely  so- 
luble in  water. 

Sp.  9.  Acetate  of  Copper.  This  salt  was  known  to  the 
ancients.  It  is  sometimes  called  verdigris.  Though  that 
name  is  more  frequently  applied  to  a  mtbacetate  of  copper. 
It  crystallizes  in  four-sided  truncated  pyramids.  Its  colour 
is  a  beautiful  bluish  green.  Its  taste  is  metallic,  and  nau- 
seous ;  mid  like  all  llie  salts  of  copper  it  is  poisonous.  It  is 
sparingly  soluble  in  cold  water,  but  boiling  water  dissolve* 
about  one-third  of  its  weight  of  it.  It  is  soluble  also  in  al- 
cohol. When  exposed  to  the  air  it  effloresces.  When  dis- 
tilled, it  yields  acetic  acid  in  considerable  quantity.  It  is 
composed,  according  to  Proust,  of  Gl  acid  and  water,  and 
39  oxide  of  copper. 

Sp.  11.  Succinate  of  Copper.  Small  green  crystals,  not 
yet  examined. 

Sp.  1*2.  Beiizonte  of  Copper.  Deep  green  crystals,  spa- 
ringly soluble  in  water,  and  insoluble  in  alcohol. 

Sp  13,  Oxalate  of  Copper.  A  green  coloured  salt, 
scarcely  soluble  in  water. 

Sp  14  Tartrate  <f  Copper.  Bluish  green  crystals,  spa- 
ringly soluble  iu  water. 

Sp.  Ij.  Citrate  of  Copper.     Light  green  crystals. 

Sp.  iG.  Arseniate  of'Copper.  This  salt  is  precipitated 
in  die  Btate  of  a  btuidi   white  powder,  when  arseniate  of 
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potash  is  poured  into  sulphate  of  copper.  It  is  insoluble 
ill  >iutcr,  unl<!.ss  it  contains  an  excess  of  acid.  It  has  beeit 
found  native  in  Cornwall,  in  crystals,  and  lias  been  analyzed 
bj  Chenevix.  There  are  tive  varieties  of  it,  differing  in  tbe 
proportion  of  acid  and  oxide,  in  the  figure  of  their  ciyatalj 
and  in  colour. 

Tlie  oxide  of  copper  likewise  combines  with  white  oiide 
of  aisenic,  and  forms  a  green  powder,  usually  knoi\-n  by  t\a 
name  of  Scheele's  green. 

Genus  X.     Sails  of  Iron. 

Most  of  the  salts  of  iron  are  soluble  in  water  ;^the  solu- 
tion baa  a  green,  or  yellowish,  or  reddish  colour,  accor^O( 
to  the  state  of  oxydizenient  of  the  iron,  Frussiate  of  pO" 
tash  throws  down  from  these  solutions  a  blue  powder,  orrt 
least  ir  becomes  biue  wlien  exposed  to  the  air.  Hydrosul- 
phuret  of  potash  occasions  a  black  precipitate.  GaUic  acid 
and  the  infusion  of  nut  galls,  throws  down  a  black  or  paifSP 
precipitate. 

Sp.  1 .  Nitrate  of  Iron.  Diluted  nitric  acid  acts 
grt-at  energy  upon  iron,  a  gas  being  extricated,  which  is  S 
mixture,  of  nitrous  gas  and  nitrous  oxide.  There  are  tW 
varieties  of  this  salt. 

1 .  Nitrate.  This  salt  may  be  formed  by  dissolving  iro?' 
in  nitric  acid  of  tbe  specilic  i^iavitj  llfi.  The  action  » 
slow  and  little  gas  is  extricated.  The  u'ou  is  in  llie  state  »! 
black  oxide.  The  solution  cannot  be  healed  or  concentrat- 
ed witliout  converting  die  iron  into  red  oxide. 

2.  Oxi/nitrate.  This  salt  may  be  formid  by  conce 
ing  the  preceding.  The  liquid  assumes  a  red  colour, 
tlie  red  oxide  of  iron  at  last  precipitates.  Tbe  salt  xasj  l* 
oblanied  in  crystals,  by  keeping  lutric  acid  in  contact  V^ 
black  oxide  of  iron.    Tlie  oxide  gradually  dissolvi,-*  audftt"^ 
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i  prisms,  nearly  colourless  are  gradually  formed.    Tliey 
diquesce  in  die  air> 

,  Ilypsroxi/munateofimi.    Tliissaltmaybe  form- 
ssing  a  current  of  oxyniuriatic    acid  through  water, 
t4ug  red  oxide  of  iron  mixed  with  it. 

.  Muriated  Iron.     Of  this  salt  there  are  two  spe- 

I,  the  fawiate  and  aiymuriate. 

1.  Muriate.    This  salt  may  be  formed  by  dissolving  irpn 

^a  in  muriatic  acid,  without  the  contact  of  the  external 

The  solution  is  green,  and  yields  green  coloured  crjs- 

solublc  in  v^'ate^.     The  solution  absorbs  nitrons  gas 

pi  great  abundance.     When  exposed  to  the  air  it   absarbs 

^gen,  and  the  salt  is  converted  into  oxymuriate. 

.  Oxymiiriatc.  This  salt  may  be  formed  by  exposing 
die  preceding  to  the  atmosphere,  or  by  dbsolviiig  red  oxide 
of  iron  in  muriatic  acid,  llie  solution  has  a  dark  brown 
colour ;  the  salt  does  not  crystallize,  but  whqn  evaporated  to 
dryness  leaves  a  yellow  coloured  mass  which  deliquesces, 
and  is  soluble  in  alcohol.  When  heated,  osynmriatic  acid 
is  given  out,  and  black  oxide  of  iron  remains  still  combined 
with  muriatic  .-tcid. 

Sp.  4.  Siilphated  Iron.  Of  this  salt,  likewise,  there  are 
two  species,  the  sulphate  and  oxi/sulphate. ' 

1 .  Sulphate.  This  salt  was  known  to  the  ancients,  and 
is  used  in  considerable  quantity  in  dyeing,  and  in  tlie  manu- 
facture of  ink.  It  is  easily  obtained  by  dissolving  iron  !n 
diluted  sidphuric  acid  and  evaporating  the  solution.  It  has 
a  green  colour,  sometimes  very  light,  sometimes  very  dark. 
In  this  last  state  it  is  preferred  by  artists.  Upon  what  the 
difference  depends  is  not  accurately  known.  It  crystallizes 
in  rhoniboidal  prisnis.  It  has  a  very  styptic  taste,  and  al- 
ways reddens  vegetable  blues.  It  is  soluble  in  two  parts  of 
cold,  and  in  less  than  its  weight  of  boiling  water.  It  is  iu- 
aoluble  in  alcohol.     When  an  alkali  is  poured  into  a  solu- 
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tion  of  this  salt,  a  white  powder  precipitates  M^iich  is- « 
mlphate  of  iron.  When  heated  it  melts  and  loses  it»>|Niv 
of  crystallization.  In  a  red  heat  it  loses  most  of  ilp  aiit 
and  is  converted  into  a  red  powder,  known  by  thr  mlMilf 
colcother  of  vitriol,  and  used  in  polishing  metallic  bqfin^ 
This  salt  is  composed  of  26*7  acid,  QS'S  base,  45  ifater.^J^ 

2.  Oxysulphate.  l^bis  salt  may  be  formed  by  eipMi^ 
the  solution  of  the  preceding  to  the  open  air.  It  has  ^yel- 
lowish red  colour,  does  not  crystallize  and  when  eva^Mmlii 
to  dryness  soon  attracts  moisture  and  becomes  agiiii  li* 
quid.  \,      .i; 

Sp.  5.  Sulphite  of  Iron,  Iron  dissolves  in  sulphurooi 
acid  without  the  emission  of  much  gas.  The  solutioRjieUs 
crystals  of  sulphite,  which  are  soon  changed  into  sulphikilf  • 
exposure  to  the  air.  . 

Sp.  6»  Phosphated  Iron,  Of  this  salt  there  aretwoifr 
cies,  the  pliosphate  and  oxyphosphate.  ,,. 

1 .  Pliosphate,  This  salt  may  be  obtained  by  mixing  sor 
lulions  of  phosphate  of  soda  and  sulphate  of  iron.  It  pie- 
cipitates  in  the  state  of  a  blue  powder.  It  is  tasteless,  inio- 
luble  in  water,  but  soluble  in  nitric  acid.  It  is  found  nadvCf 
crystallized  in  blue  coloured  prisms. 

2.  Oxyphosphate.  This  is  a  white  powder  insoluble  ia 
water,  but  soluble  in  acids,  and  precipitated  by  aw>«|iiitim. 
When  violently  heated  it  melts  into  an  ash-coloured  globule. 
When  treated  with  a  fixed  alkali  it  loses  a  portion  ofifs  JC)1 
and  is  converted  into  a  brown  coloured  powder.  Jn  this 
state  it  is  a  suboxyphospkate  of  iron.     It  is  insoluble  in  wa- 

er,  aud  nearly  so  in  acids.  But  it  dissolves  in  the  senun  of 
blood,  aud  b  supposed  by  some  to  give  the  red <calour  to 
blood.  .  ., 

Sp.  7.  Carbonate  of  Iron.  This  salt  may  be  oblaiiiBd 
by  precipitating  sulphate  of  iron  by  an  alkaline  carbon^)^* 
It  has  been  found  native,  crystallized  in  rhombs^  somew^ut 
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raiupareiity  of  a  greenish  yellc^v  colour,  and  brittle.  It  is 
omposed  of  36  acid,  59' 3  protoxide  and  two  water.  Rust 
1  frequently  a  carbonateof  iron.  Hence  it  effervesces  when 
lissoived  in  acids. 

Sp.  8.  Ftuate  of  Iron.  Fluoric  acid  dissolves  iron  rea- 
lily.  ^rhe  solution  does  not  crystallize^  but  assumes  the 
form  of  a  jelly. 

Sp.  9.  Borate  of  Iwn.  A  yellow  powder  insoluble  in 
Mrater. 

Sp.  10.  Acetated  Iron.  Of  this  salt  there  are  two  spe* 
cies,  the  acetate  and  ora.^tate. 

1.  Acelate,  It  may  be  obtained  by  dissolving  sulphurct 
of  iron  in  acetic  acid.  It  forms  green  coloured  prismatic 
crystals  sufiiciently  soluble  in  water. 

2.  Oxacetaie.     A  reddish  brown  liquid,  which  does  not 
erystalli/e,  but  is  easily  converted  into  a  jell)',  which  deli 
quesces.     Tliis  liquid  is  much  used  by  ciilico-printers. 

Sp.  11.  Succinate  of  Iron.  A  brownish  red  powder, 
insoluble  in  water,  imless  there  be  an  excess  of  acid  pre- 
sent. 

Sp.  IC.  Benzoateof  Iron.  Yellow  crystals,  with  a  sweet 
taste,  soluble  in  water  and  in  alcohol. 

Sp.  l.*5.  Oxa/'  ted  Iron,  Oxalic  acid  attacks  iron  rapidly 
and  combines  with  both  its  oxides. 

1.  Oxalate.  Prismatic  crystals  of  a  green  colour,*vcrv 
soluble  in  water,  with  an  excess  of  acid. 

2.  Oxif^enized  Oxalate.  A  yellow  powder  scarcely  so- 
luble in  water,  and  incupalile  of  crystallizing. 

Sp.  14.  Tart  rated  Inn.  The  ianrale  aystallizcs,  aud 
t&  sparingly  soluble  ni  water ;  the  oxyf  art  rate  is  red,  does 
not  en  stall. /(',  but  runs  into  a  jelly. 

Sp.  10.  ('if rate  of  Iron.  A  brown  coloured  solution, 
%iiich  deposites,bniall  crystals  very  soluble  in  water. 
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Sp.  lO.  Malate  of  Iron.  .  A  brown  soludon  wfaidii  4q^ 
uot  crvstallize. 

Sp.  1 7.  Gal/ate  of  Iron,  A  deep  blue  or  l;»lack  powder/ 
insoluble  in  water. 

Sp.  18.  Prussiated  Iron,  The  prM.wiV//e  isa  white.pow- 
der^  the  oxyprussiate,  a  deep  blue  powder ;  both  lasoJubk 
in  water. 

Sp.  19.  Arseniated  Lvn.  Tlie  arseniate  is  a  green  co- 
loured salt,  insoluble  in  water,  found  native,  crystallizes  io 
cubes.  The  oxarseniate  is  a  brownish  red  powder,  likewise 
insoluble  in  water. 

Sp.  £0.  Tufig^ate  of  Iron.  An  insoluble  powd^  of  a 
grey  colour. 

Sp.  21.  Molj/bdate  of  Iron.  An  insoluble. brown 
powder. 

Sp.  22.  Columbate  of  Iron*  An  insoluble  mineral,. of, 
a  dark  browmsh  grey  colour,  and  a  lamellated  structure. : 

Genus  XI.     Salts  of  Tin. 

[Most  of  these  salts  are  soluble  in  water,  and  the  solution 
is  colourless,  or  has  a  brownish  colour,  according  to  cii|- 
cuuistauces.  The  prussiates^  when  dropt  into  these  solur 
tions  occasion  a  white  precipitate ;  faydrosulphuret  of  potash 
occasions  a  brownish  black,  or  a  golden  yellow  precipitate; 
corrosive  sublimate  occasions  a  black  or  a  white jprecipitate, 
infusion  of  niit  galls  occasions  no  precipitate  iA  these  w* 
lutions. 

Sp.  1.  Nitrated  Tin.  Nitric  acid  acts  with  great^i^oboce 
on  tin,  and  speedily  converts  it  into  an  oxide.  Wi^  di# 
acid  is  much  diluted,  it  forms  a  yellow  coloured  soJf^^ 
coutsaiwag  deutoxide  of  tin.  But  when  the  solution  V.left 
to  itself,  or  when  it  is  con9entrated  by  evaporation,  the  ^B*^* 
of  tin  is  precipitated.    When  the  acid  is  strong,  it  sp^!Bdi|y 
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conVerbi  the  metal  into  peroxide  without  di^olvidgany  of  it. 
During  the  action  ammonia  is  formed  and  remains  in  combi- 
natioa  with  the  acid. 

Sp.  S.  Muriated  tin.  Of  this  salt  there  are  two  species 
die  muriate  and  oxi/muriate. 

1.  Muriate.  Muriatic  acid  dissolves  tin  when  assisted  by 
heat,  and  the  salt  formed  is  muriate  of  tin.  By  evapora- 
libn  it  is  obtained  in  needle-shaped  crystals,  soluble  in  water, 
and  somewhat  deliquescent.  It  has  a  strong  affinity  for  oxy^ 
gen  and  readily  imbibes  it  from  the  atmosphere^  from  oxy- 
muriatic  and  nitric  acids,  and  from  various  metallic  oxides 
and  salts.  Hence  the  remarkable  chaises  which  it  produ- 
ces on  many  metallic  solutions. 

2.  Oiymuriate.  This  salt  is  commonly  known  by  the 
name  of  smoking  liquor  of  Libavius,  It  may  be  formed  by 
triturating  together  amalgam  of  tin,  and  corrosive  sublimate, 
and  distilling  the  mixture  in  a  retort  with  a  moderate  heat. 
At  first  some  water  comes  over,  then  a  white  smoke  passes 
all  of  a  sudden,  which  condenses  into  a  colourless  liquid, 
which  constitutes  the  salt  in  question.  If  this  liquid  be  ex- 
posed to  the  air,  it  smokes  violently  in  consequence  of  its 
great  affinity  for  water.  When  mixed  with  about  one-third 
of  its  weight  of  water  it  crystallizes.  Oxynuiriate  of  tin 
may  be  formed  also  hy  exposing  a  solution  of  muriate  of  tin 
to  the  atmosphere,  or  by  passing  a  current  of  oxymuriatic 
acid  gas  through  it.  When  evaporated,  it  yields  small  pris- 
matic crystals  which  deliquesce.  When  heai^td,  it  sub- 
limed. 

.  Sp.  S.  Sulphate  of  Tin.  When  tin  is  kept  in  sulphuric 
■i^d,  little  action  takes  place.  However,  the  tin  is  gradual- 
ly oxydized,  and  sulphurous  acid  gas  is  emitted.  The  sul- 
pliate  of  tin,  formed,  may  be  obtained  in  the  state  of  fine 
needles  by  evaporation.  It  may  be  readily  obtained  by  pour* 
iug  sulphuric  acid  into  muriate  of  tin ;  a  white  powder  pre- 

s  Q 
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cipitates^  which  is  die  mliriiate,  and  Mrhich  dwohres  »  nv* 
ter  and  crystallizes. 

The  Uxymlphate  of  tin  does  riot  crystallite,  bttt  Mnimei 
the  form  of  a  jelly. 

Sp.  4.  Sulphite  of  Tin.  When  tin  is  kept  m  aiilpliiimi* 
add,  die  acid  is  decomposed,  oxide  of  tin  dissohrMl,  UtA 
sulphuret  of  tin  precipitated. 

Sp.  5.  Phosphate  of  Tin.    A  M^iite  powder  insolalle ii 

water. 

Sp.  6.  Carbonate  of  Tin.  As  far  as  is  known,  diir  flp 
cies  of  salt  does  not  exist. 

Sp.  7.  Filiate  of  Tin.  A  gelatinous  solution  kniag  a 
very  disagreeable  taste. 

Sp.  Borate  of  Tin.  A  white  powder  insohible  m  wa- 
ter. 

Sp.  0.  Acetated  Tin.  The  acetate  o(  tinciyatallim^ihe 
^acetate  forms  a  gummy  incrystallizable  mass. 

Sp.  10.  Succinate  of  Tin.  This  salt  crystallizes,  and  is. 
soluble  in  water. 

Sp.  11.  Benzoate  of  Tin.  This  salt  is  soluUe  in  water, 
hut  insoluble  in  alcohol. 

Sp.  12.  Oxalate  of  Tin.  Prismatic  crystals,  soluble  in 
water. 

Sp.  13.  Arseniate  of  Tin.    A  white  insoluble  powden 

'Genus  XEt.     Sails  of  Lead, 

Many  of  these  salts  are  scarcely  soluble  in  water.  Those 
that  are,  form  colourless  solutions,  which  have  usuall]^  a 
sweet  taste.  The  pnissiaties  occasion  a  white  precipitin 
in  diese  solutions,  hydrosulphuret  of  potash,  a  black  pte- 
cipitate,  infusion  of  uutgails,  a  white  precipitate. 

Sp.  1.  Nitrated  Lead.  Of  this  salt  diere  are  two  va- 
rieties, die  first  composed  of  yellow  oxide  and  nitric  add, 
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ha»  been  loiig  known;  we  shall  csll  it  ori/mlmte ;  ibe  se- 
coad,  or  nitrate,  has  been  lately  discovered  by  Proust. 

i,  OiyiiitTate.  Thic  salt  is  easily  obtained  by  dissolving 
lead  in  diluted  nitric  acid,  and  evaporating  the  solution, 
'llie  crystals  are  iometinies  tetrahedrons,  having  their  opexes 
tnHicated;  sometimes  octahedrons.  Tkty  are  upake  and 
white,  and  have  a  silvery  lustre,  llieir  laote  is  aweel  and 
liarfb.  Tliey  are  not  altered  by  exposure  lo  the  air.  They 
dissolve  in  less  than  eight  parts  of  boiling  wat£r.  When 
lieated  it  decrepitates,  and  in  a  strong  heat  the  acid  is  diiven 
off,  while  at  the  same  time  the  oxide  is  partially  reduced  to 
the  metallic  state.  This  salt  iii  cumjKistid  of  66  yellow  oxide 
34  acid  and  water. 

6.  Nili'dte.  This  salt  is  obtained  by  boiling  lead  in  a  so- 
lution of  ori/nitrnte.  A  portion  of  the  lead  is  dissolved,  and 
llic  solution  acquireii  a  yellow  colour.  When  evaporated 
the  salt  crystallizes  in  scaler,  and  iu  small  prisiiis.  The 
oxide  in  my  trials  appeared  to  be  the  yellow ;  but  Bucholz 
affirms  that  it  contains  less  osjgen,  Thisaalt  is  composed  of 
^rfki'd  oxide,   18'^  acid. 

^b  Sp.  2.  Hi/peroxyniariate  of  head.  This  salt  is  obtained 
^Bp  passing  a  current  of  oxymuriatic  acid  through  vmter,  in 
HjMiich  oxide  of  lead  is  suspended.  It  is  more  soluble  than 
^■wriale  of  lead,  and  is  easily  decomposed. 
^V'Sp.  3.  Muriate  of  head.  Muriatic  acid  attacks  lead 
^BjriKn  sasisted  by  heat.  The  muriate  may  be  easily  fuuned 
^Ky  pouring  muriate  of  sodu  into  a  solution  of  nitrate  of  lead. 
^Bjbe  muriate  precipitates  in  small  prisms  of  a  white  colour 
HLd  a  aatin  lustre.  'Jliis  salt  dissolvu^  in  Q.'i  parts  of  £oId 
^bpter,  and  is  cousidembly  more  soluble  in  hot  water.  It  dis- 
Bj^«8  also  in  auetic  acid.  It  ia  not  altered  by  exposure  to 
^Hie  air.  When  heated  it  nielta,  and  when  cold  congeals  into 
^■k  senjitraiitiparent,  greyish  niass,  formerly  called  plamhum 
^mgtriieum.  When  strongly  heated  it  i.^  t.'ouvertcd  into  a  sub- 
■  ^  s3 
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muriate  of  lead^  The  mnriate  of  lead  is  oorapoaed  of  ulMnk 
l^i  acid;  SH  yellow  oxide.  lOQ  parts  of  the  ciTSlaUia^ 
salt  contain  about  7^  parts  of  metallic  lead. 

The  submu  ite  of  lead  may  be  obtained  in  the  state  of  A 
white  powder,  by  treating  muriate  of  lead  ¥ritfa  a  pure  aihslL 
When  heated  it  assumes  a  fine  yellowish  colour.  It  is  iaio^ 
luble  in  water.    It  is  employed  as  a  paint. 

8p.  4.  Salphate  of  Lead.  This  salt  may  be  obtaiaBd  tf 
pouring  sulphuric  acid  or  an  alkaline  sulphate  into  mtnteof 
lead.  It  is  a  white  powder  insoluble  in  water,  in  alcoM^ 
and  in  nitric  and  acetic  acids.  It  is  found  native,  crystaJlittdii 
octahedrons.  It  is  composed  of  about  %b  acid  and  l&.jtiiom 
oxide.  A  hundred  parts  of  it,  according  to  Kirwan^  tflfiiiiip 
7 1  of  metallic  lead.  It  may  be  heated  to  redness  iaa  |)lati- 
num  crucible  without  alteration,  but  when  iu  coutact  wilk 
charcoal,  it  m^ltt,  and  the  lead  is  reduced.  -      ni 

Sp.  5.  Sulphite  of  Lead.  This  is  a  tasteless  while  pow- 
der, iiisoluble  in  water.  It  is  composed  of  about  74*6  oxiiki 
and  25*5  acid. 

Sp.  6.  Pho^j/hafe  of  Lead.  A  white  tastdess  powder,  in- 
soluble in  water,  easily  obtained  ^by  pouring  phosphate  of 
soda  into  nitrate  of  lead.  It  is  found  native,  usually -of  a 
green  or  yellow  colour,  and  is  often  cr}Stall]zed  io  sixrsided 
prisms.  It  is  soluble  in  nitric  and  muriatic  acids,  and  from 
the  last  solution  muriate  of  lead  precipitates.  Wlien  heated 
it  melts,  and  assumes  on  cooling  a  regular  polyhedral  fixni. 
It  is  composed  of  1 8  acid  and  S2  yellowish  oxide. 

Sp.  7.  Carbonate  of  Tjsad.  This  is  a  white  powder  inso- 
luble iu  water,  easily  obtained  by  mixing  solutions  of  nitnile 
of  lead,  and  an  sdkaline  carbonate.  It  is  found  nativoi  crys- 
tallized in  six-sided  prisms,  and  in  tables.  It  is  employed  as 
a  paint  under  the  name  of  wlute  lead.  It  is  composed  o^ 
I  ()\.  acid,  and  83^  ^llow  oxide.       * 
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Sp.  S.  Fluaie-of  Lead,  A  white  powder  insolubleio  wa- 
ter, nnless  there  be  an  excess  of  acid. 

Sp.  9.  Borate  of  Lead.  A  white  insoluble  powder. 
Before  the  blowpipe,  it  melts  into  a  colourless  glass. 

Sp.  10.  Acetate  of  Lead.  Of  this  salt  there  are  two  va- 
rieties, die  superacetate  and  aretate, 

1 .  Superacetate.  ^rhis  salt  has  been  loi^  known.  It  is  usual- 
Ij^  distinguished  by  the  name  of  sugar  of  lead.  It  may  be  ob- 
tuined  by  dissolving  acetate  of  lead  in  acetic  acid.  It  is  much 
used  by  dyers  and  calico-printers.  Its  crystals  are  sma^l 
lieedles,  with  a  glossy  appearance  like  satin.  It  has  a  sweet, 
and  rather  astrii^ent  taste.  Water  dissolves  rather  more 
ifaan  jth  of  its  weight  of  this  salt.  It  is  not  altered  by  ex- 
posure to  die  air.  When  distilled,  diere  cpmes  over  water 
■eidulated  with  acetic  acid,  dien  a  yellow  inflammable  li- 
quor, whidi  has  some  of  the  properties  of  ether.  The  gasses 
^tricated  are  carbonic  acid  in  considerable  quantity,  with  a 
very  litde  heavy  inflammable  air.  This  salt  is  composed  of 
26  acid,  58  yellow  oxide,  I6  water. 

2.  Acetate.  This  salt  may  be  obtained  by  boiling  together  ia 
water  100  parts  of  sugar  of  lead,  and  130  parts  of  litharge. 
its  taste  is  less  sweet,  it  is  less  soluble  in  water  than  the  pre- 
ceding variety,  and  it  crystallizes  in  plates.  A  solution  of  this 
salt  is  employed  by  surgeons  under  the  name  of  Goulard  s 
tttraet. 

Sp.  11.  Succinate  of  liCad.  Slender  -foliated  cr3Stals, 
fecarcely  soluble  in  water,  but  soluble  in  nitric  acid. 

Sp.  12.  JBtHZoate  of  Lead.  This  salt  forms  white  crys- 
tals soluble  in  water  and  alcohol,  and  decomposed  by  heat. 

Sp.  13.  Oxalate  of  Lead.  Small  crystals  insoluble  in  al- 
cohol, and  scarcely  soluble  in  water,  unless  there  be  an  ex- 
cess of  add  present. 

Sp.  14.  Tartrate  of  Lead.    An  insoluble  white  powders 

•»4 
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decomposed  by  m  moderate  heat.    It  i»  compOMed  of  Xlmik 
and  ()3  yellow  oxide.  ■  *.:   aio! 

Sp.  15.  Citrate  of  Lead.  Awhite  powder»-difficid4yiO<^ 
lublc  in  water.  .     -i  .*   ^^^voli 

Sp.  16.  Malate  of  Lead.  A  whfte  powder/  which  fnm 
pitates  in  fine  light  flakes,  and  is  insoluble  in  watery  h»t  mwlf 
soluble  in  acetic  and  weak  nitric  acid. 

Sp.  17.  Arseniate  of  Lead.  A  white  powder,  iMnliihli' 
in  water.  It  is  composed  of  35*7  acid,  and  6i.3  ytUov 
oxide.  '*'./' 

Sp.  18.  Moli/hdate  of  Lead,  A  ¥fhite  powder,  insoMilt 
in  wat6r.  It  occurs  natiye  in  rhomboidal  pktes,  of  i.  jeUow 
colour,  and  isconipoaed  of  34*7  acid;  and  6c>*d  yeUo«f)ndi* 

Sp.  19-  Tui^itate  of  Lead.    A  white  insoluble  powder 

Sp.  20.  Chromate  of  Lead.  This  is  a  fine  red  powdM^ 
with  a  shade  of  yellow,  tasteless  and  insoluble,  water.  ••  U^c- 
curs  native,  crystallized  in  four-sided^prisms,  and  is,€0OipQiwl 
of  34'9  ficid,  and  65'  1  oxide. 

Genus  Xltl.     Salts  of  Nickel. 

The  salts  belonging  to  thb  genus  have  been  but  imper* 
fectly  examined.  I'bey  are  generally  soluble  in  water,  and 
the  s<4ution  has  a  fine  green  colour.  Pnissiate  of  potash  dropt 
into  tliem  occasions  a  dull  green  precipitate,  hydrosulphuret 
of  potash  a  black  precipitate,  and  the  infusion  of  nutgilis  9 
greyish  white  precipitate. 

Sp.  I .  Nitrate  of  Nickel.  This  salt  crystallizes  in  ihonu 
boidal  prisms ;  has  a  fine  green  colour ;  when  exposed  In  Ai 
air  at  first  deliquesces,  and  afterwards  falls  to  powdei\  ^ 
gradually  loses  the  whole  of  its  acid.  -  It  is  compoaed  oif^^S 
;icid,  25  oxide,  and  20  water. 

S^  9.  Muriate  of  Nickel.  This  salt  may  be  obtainrdb; 
(Relying  pickel  in  nitromuriatic  acid,  and  evaporating  ^ 
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lolutioii.  It  crystallizes  uregularly,  has  an  apple  green  co- 
lour, and  deiiquesces  in  the  air.  When  healed  it  loses  its 
water,  and  may  be  sublinied  in  the  state  of  gtilden  yellow 
AoM'ers,  which  become  green  by  absorbing  waler  from  the 
Maioq)bere.  'litis  salt  is  composed  of  3-i  oxide,  1 1  acid, 
and  56  wster. 

Sp.  3.  Snipkate  of  NwkeL  This  salt  has  a  fine  green  co- 
lotu',  and  crystallizes  in  sii-sided  prisms.  It  is  very  sotoble 
in  water,  and  tdfloresces  in  the  air.  It  is  comp'jsed  of  35 
oxide,  1<)  acid,  and  46  water. 

Sp.  4.  Carltonaie  of  NickeK     This  saltis  obtained  by  pfe- 

cipitating  nitrate  of  nickel  with  carbonate  of  potash.     It  is  a 

green  powdei,  composed  of  5(j-4  acid  and  water,  43'(3  oxide. 

Sp.  .5.    Filiate  of  Sickd.     A  salt  whieh  yields  light-green 

coloured  crystaht. 

Sp.  a.  Acetate  of  NickeL  A  salt  which  fomM  rhomboi- 
dal  crynalif  of  a  greeii  colour. 

Sp.  7.  Oxalate  of  Nkke/.  A  green  powder,  scarcely  so- 
luble in  water. 

Sp.  S.  Aneuiate  of  Nickel.    A  soluble  salt  of  an  apple 
green  colour. 
Up.  9.  Molifbdate  of  Nickel.     A  white  insoluble  matter. 

V'  CrscsXIV.     SaltsofZinc.  ''' 

Most  of  the  salts  of  zinc  are  soluble  iu  acids,  and  may  be 
formed  directly  by  dissulving  zinc  in  die  different  adds. 
Ilieir  solutions  are  transparent  and  colourless.  Prussiate  of 
I  occasions  a  white  precipitate,  and  infusion  of  ntit- 
9  precipitate. 

1.   Nitrate  of  Zinc.     Nitric  scid  dissolves  zinc  with 

t  rapidity.     The  solution  yields  flat  fuur-sided  prisms, 

ich  deliquesce  in  tlie  air.     They  are  very  soluble  both  in 


! 


^4  6ALTS  CHAP;UI|I 

-  Sp.  1 .  Nitrate  of  Biimulh.  Nitric  add  AtfeaolubunA 
with  great  violence.  The  lolution  is  cokHirleas,  and  4k|ii 
sits  small  ivhite  crystals,  which  are  four-sided  prisms.  Iksf 
attract  a  little  moistjoire  in  the  air.  They  detonate  feekl^ 
on  burning  coals,  loud(y  when  triturated  with  phos[dionii 
When  dissolved  in  water  they  are  decomposed,  and  a  whili 
powder,  which  is  a  subnitrate  of  bisniuthy  is  deposited. 

Sp.  2.  Muriate  of  Bwnmth.  This  salt  may  be  obtaM 
by  dissolving  bismuth  in  nitromuriatic  acid,  and  evapiMif 
to  dryness.  It  forms  small  prismatic  crystals.  It  aubblii 
when  heated,  and  forms  a  white  mass  which,  easily  Bielliylbv 
mexYy  cAtAlnitter  of  bismuth.  • 

Sp.  3.  Sulphate  of  Bismuth,  This  salt  may  be  obtained 
by  heating  a  mixture  of  bismuth  and  sulphuric  acid.  Airiole 
mass  remains,  decomposed  by  water. 

Sp.  4.  Sulphite  of  Bismuth.  A  white  powder,  oisolible 
in  water.  ;'» 

Sp.  5.  Phosphate  of  Bismuth.  Crystals  soluble  in-  ivt- 
ter,  and  not  altered  by  exposure  to  the  air.  The  subpkoh 
phate  of  bismuth  is  a  white  insoluble  powd^. 

Sp.  6.  Acetate  of  Bismuth.  It  may  be  obtained  by  mkt- 
jng  solutions  of  nitrate  of  bismuth  and  acetate  of  potash,  and 
heating  the  mixture.  Small  talky  crystals  of  acetate  of  bb- 
muth  gradually  precipitate. 

Sp.  7*  Succinate  of  Bismuth.  Yellow  crystalline  phtes 
soluble  in  water. 

Sp.  8.  Benzoate  of  Bismuth.  Needle  shaped  crystals,  not 
altered  by  exposure  to  the  air,  soluble  m  water,  and  ray 
sparingly  soluble  in  alcohol. 

Sp.  9.  Oxalate  of  Bismuth.  A  white  powder,  scanxlj 
soluble  hi  water. 

Sp.  10.  Tartrate  of  Bismuth..    A  white  iosc^Uble  powder. 

Sp.  11.  Jneuiate  of  Bismuth.    A  ^vbite  tastel^sa  jww- 
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V  MmelffMS having  a  pfaade  of  green;  insoluble  in  water 
nitrie  acid,  but  soluble  io  muriatic  acid. 
V^'Sj[>.  l^  Molybdate  of  Bismuth.    A  white  insoluble  pow- 


Genus  XVI.     Salts  of  Antimony. 


ft>'>t^nhe  oxides  of  antimony  combine  but   imj)erfectly .  with 

%inds)  and  the  salts  which  they  form  have  not  been  very  care- 

dBy  examined.     Tlieir  solutions  have  usually  a  brownish 

*  yrilow  colour,  and  in  most  cases  a  precipitate  falls  when  the}' 

are  diluted  with  water.     Prussiate  of  potash  and  infusion  of 

^Btgalls  throw  down  a  white  precipitate,  hydrosulphuret  of 

potash  an  orange  coloured  precipitate. 

Sp.  1.  Nitrate  of  Antimony.  Nitric  acid  attacks  antimo- 
itf  slowly.  Nitrous  gas  is  emitted,  ammonia  formed,  and 
the  metal  converted  into  white  oxide.  A  portion  of  it  is  dis- 
solved, but  it  does  not  yield  crystals. 

Sp.  S.  Muriate  of  Antimony.  Muriatic  acid  dissolves 
antimony  when  kept  long  in  contact  with  it,  and  deposites 
miall  needles.  But  it  is  nitro-muriatic  acid  that  is  the  true 
solvent  of  antimony.  Tlie  solution  has  a  yellow  colour,  and 
contains,  no  doubt,  oxymuriate  of  antimony.  Hiis  salt  was 
formerly  known  by  tlie  name  of  buttei'  of  atdimony.  It  was 
prepared  by  triturathig  together  one  part  of  antimony  and 
two  parts  of  oxjnuiriute  of  mercury  and  distilling  Ur*  mix- 
ture, llic  oxynniriate  of  antimony  passes  over  in  the  state 
of  a  thick  fetty  mass  of  a  greyish  white  colour,  and  often  cry- 
stallized in  four-sided  prisms.  It  is  very  caustic,  becomes 
coloured  when  exposed  to  the  air,  and  melts  at  a  moderate 
temperature. 

Sp.  3.  Sulpluite  of  Antinu)7iy.  Sulphuric  acid  oxidized 
antimony  at  a  boiling  heat,  and  converts  it  into  a  white  mass, 
from  which  water  separates  the  acid. 
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Sp.  4<  Sulphite  of  Antimony,  Tliis  compomid  is 
pitated  in  the  state  of  a  white  powder,  by  pouring  sidphtii 
acid  into  the  solution  of  antimony  in  muriatic  acid.  It  fata' 
an  acrid  and  astringent  taste,  melts  when  heated  and  is  di^^ 
composed. 

Sp.  5.  Phosphate  of  Antimony.    This  salt  is  solubk  in 
water;  it  does  not  crystallize. 
.  Sp.  6.  Acetate  of  Antimony.    Acetic  acid  dissolves  *lW 
oxides  of  antimony,  and  forms  a  salt  which  crystallizes^-  aaJ 
ifi  soluble  in  water.  -'^ 

Sp.  7*   Oxalate  of  Antimony.     Small  crystalfiae  graiD% 
scarcely  soluble  in  water. 

Sp.  8.  Tartrate  of  Antimony.   This  salt  does  notcrjstal- 
lize,  but  readily  assumes  the  form  of  a  jelly. 

Sp.  9*  Arseniate  of  Antimony.    A  white  powder  insolu- 
ble in  water. 

Sp.  10.  Tartrate  of  Potash-^nd- Antimony.  This  salt, 
usually  called  tartar  emetic,  was  first  made  known  to  chemists 
in  1631.  It  may  be  prepared  by  mixing  together  equal 
parts  of  peroxide  of  antimony  and  tartar,  and  boiling  them  in 
ten  times  their  weight  of  water,  filtering  the  solution 'ttfd 
evaporating  it  till  a  pellicle  forms  on  the  surfoce.  It  depo* 
sites  regular  crystals  of  tartar  emetic.  This  salt  is  iviiit^ 
crystallizes  in  regular  tetrahedrons,  and  gradually  eflloresotf 
when  exposed  to  the  air;  It  dissolves  in  about  14^  parts  rf 
cold  water,  and  in  about  two  parts  of  boilii^  water.  Heat 
decomposes  it  by  destroying  the  acid.  It  is  composed  of 
35^4  tartaric  acid,  39*6  peroxide  of  antimony,  16'7  pot*h 
and  8*3- water. 

Genus  XVII.     Salts  of  Tellurium.  '   '' 

Tellurium  is  too  scarce  a  metal  to  expect  that  its  nf^ 
should  be  completely  examined.    The  fixed  alkalies  thrcHr 
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imwn,  from  their  solutions^  a  white  powder^  which  is  re-dis- 
lolved  by  an  excess  of  alkali.  .  Pnissiate  of  potash  occasions 
M>  precipitate^  hydrosulphuret  of  potash  throws  down  a 
»fowu  or  blackish  precipitate,  and  infusion  of  nutgalls  a 
iaky  yellow  precipitate. 

$p.  1.  Nitrate  of  Tellnrhim.  Nitric  acid  readily  dissolves 
arilurium.  The  solution  is  colourless,  and  not  rendered  tur- 
bid by  water.  When  concentrated,  it  yields  small  crystals  in 
aaedles. 

Sp.  2.  Muriate  of  Tellurium,  Nitro-muriatic  acid  dis- 
Kolves  tellurium.  -  Water  throws  down  a  white  precipitate 
From  the  solution,  which  is  re-dissolved  by  adding  more 


Sp.  3.  Sulpliate  of  Tellurium.  Sulphuric  acid  dissolves 
leUiurium.  Water  precipitates  a  white  powder  from  the  so- 
lution. 

Genus  XVIII.    Salts  of  Arsenic. 

•  Arsenic  is  readily  converted  uito  an  acid,  and  even  its 
lAite  oxide  has  acid  properties.  Hence  it  does  not  form 
permanent  salts  with  acids.  The  acids  however  dissolve  it. 
Prussiate  of  potash  occasions  a  white  precipitate  in  these  so- 
lutions, vnd  hydrosulphuret  of  potash  a  yellow  precipitate, 
while  the  infusion  of  nutgalls  produces  no  change. 

Sp.  1.  Nitrate  of  Arsemc.  Nitric  acid  dissolves  arsenic 
with  violence,  and  separates  a  white  powder  scarcely  soluble 
in.  water. 

Sp.  2.  Muriate  of  Arsenic.  Muriatic  acid  dissolves  ar- 
senic when  assisted  by  heat.  It  dissolves  also  the  white 
oxide,  especially  if  a  little  nitric  acid  be  added.  The  muriate 
of  arsenic  may  be  obtained  in  small  crystalline  grains. 

Sp.  3.  Sulphate  of  Arsenic.  Sulphuric  acid  oxidizes  ar- 
senic by  the  assistance  of  heat,  the  sulphate  is  a  white  pow- 
der very  imperfectly  soluble  in  water. 
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Sp.  4.  Acetate  of  Arsenic.  Acetic  add  dissolves  die 
M'hite  oxide  of  arsenic,  and  deposites  cry^tab  scarcely  soluble 
in  v^ater. 


Genus  XIX.     Salts  of  Cobalt. 

Most  of  these  salts  are  soluble  in  water,  and  the  solutioBf 
have  a  red  colour,  unless  a  great  excess  of  acid  be  present 
Alkalies  precipitate  a  blue  powder,  prussiate  of  potash 
throws  down  a  brownish  yellow  precipitate,  hydrosalphnret 
of  potash  a  black  precipitate,  infusion  of  nutgalls  a  yeUowirii 
white  precipitate. 

Sp.  I.  Nitrate  of  Cobalt.  Nitric  acid  dissolves  oobslt 
when  assisted  by  heat,  and  yields  red  prismatic  crystals,  which 
deliquesce  in  the  air. 

Sp.  2.  Muriate  of  Cobalt.  Muriatic  acid  dissolves  co- 
balt when  assisted  by  the  presence  of  a  little  nitric  acid.  T\» 
solution  is  green,  or,  if  there  be  no  excess  of  acid,  blae,  bat 
it  becomes  red  when  diluted  with  water.  This  solation 
forms  the  oldest  and  best  known  sympathetic  ink.  It  is  vaj 
much  diluted  with  water.  Cliaracters  drawn  with  it  on  pf- 
per  in  that  state  are  colourless  when  cold,  but  acquires  a  fo 
green  colour  when  heated.  When  the  muriate  is  heated^  ^ 
sublimes  in  grey  coloured  flowers  which  dissolve  vnth  ff(^ 
difficulty  in  water.  The  solution .  consists  ot  common  fluO' 
riate  of  cobalt. 

Sp.  3.  Sulphate  of  Cobalt.  Sulphuric  acid  dissolves  the 
peroxide  of  cobalt  with  difficulty.  The  solution  is  red,  vi 
yields  ucedle-form  crystals^  consistkig  of  rhomboidal  priimSy 
terminated  by  dihedral  summits.  It  is  soluble  in  f24  parts  of 
cold  water,  insoluble  in  alcohol,  and  not  altered  by  exposoi'^ 
to  the  air.     It  is  composed  of  26  acid,  30  oxide,  44  water* 

lliis  salt  readily  combines  with  potash  and  ammonia,  *^ 
forms  triple  salts  with  each. 


OF  MANGANESE. 


GrNtrs  XX.     Salts  of  Manganese. 

Tliese  saJls  are  mostly  soluble  iu  water.  Alkalies  throw 
down  from  them  a  red  or  while  precipitate,  wliich  becomes 
black  wlieii  exposed  to  the  air.  Prusaiate  of  potash  occa- 
KJou!)  a  jellowisli  white  precipitate,  hydros iilphuret  of  potash 
a  white  precipitate,  gallic  acid  produces  do  chauge. 

Sp.  1.  \fV»«;e  of  Mangansse,  Nitric  acid  dissolves  the 
bluck  oxide  of  manganese  witli  the  assistance  of  heat,  pro- 
vidtd  a  little  sugar  be  added.  The  solution  is  colourless, 
■.aid  does  not  yield  crystals, 

tip.  2.  Muriiile  of  Manganeie.  Muriatic  acid  readily 
dissolves  black  oxide  of  manganese  when  assisted  by  heat, 
abundance  of  o.-ijaiuiiatic  acid  separating.  The  solution  is 
'.oluurless,  and  deposites  small  crystals  of  muriate  of  tnariga- 
iiesc.  These  ci'ystais  are  not  easily  formed.  When  obtained 
ihcy  are  hard,  very  soluble  in  water,  and  deliquesce  in  the 
air.  Muriatic  acid  appears  also  to  combine  with  red  oxide 
of  manganese,  and  to  form  a  red  solution  containing  osy~ 
muriate  of  manganese. 

Sp.  3.  Siiiphaled  Manganese.  Sulphuric  acid  readily  dis- 
solves the  white  and  red  o.\ides  of  manganese.  Upon  the 
black  it  has  no  action,  unless  it  be  assisted  by  heat.  In  that 
case,  oxygen  gas  is  emitted  in  abundance,  and  the  o\ide  is 
dissolved,  being  converted  into  red  or  white  oxide,  according 
to  ciicumstances.  There  are  two  cotubiuations  uf  sulphuric 
aeid  and  the  oxides  of  manganese;  one  with  the  w/iite,  and 
aiiuther  with  tlie  red  oxide. 

1 .  Sulphate.  The  solution  of  this  salt  is  colourless,  and 
yields,  by  evaporation,  rhomboidal  crystals.  They  have  a 
very  bitter  laste,  and  are  decomposed  by  heat,  which  drives 
off  the  acid, 
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(2.  Oxysulphate.  The  solution  of  this  salt  has  a  red  co- 
lour. It  does  uot  readily  crystallize,  but  when  evaporated, 
easily  passes  into  a  jelly.  When  evaporated  to  dryness,  it 
yields  red  coloured  saline  crusts,  very  soluble  in  wat^,  aai 
aot  altered  by  exposure  to  the  air. 

Genus  XXI.     Satis  of  Chromium. 

The  salts  of  chromium  are  but  very  little  known.  Fot 
the  few  Jbcts  ascertained,  we  are  indebted  to  Richter,  Godoa 
and  Vauquelin.  Prussiate  of  potash  occasions  a  brown  so* 
lution  in  these  salts,  infusion  of  nutgalls  a  brown  jnecipitate^ 
hydrosulphuret  of  potash  a  green  precipitate,  whidi  a  few 
drops  of  nitric  acid  change  to  yellow. 

When  the  oxide  of  chromium  is  obtained  by  predpitating 
chromate  of  potash  by  means  of  a  hydrosulphuret,  it  dissohes 
readily  in  acids.  The  solutions  have  a  green  colour,  and  the 
compounds  are  easily  decomposed.  Nitric  acid  seems  to 
convert  the  oxide  into  chromic  acid.  It  does  not  am>ear  that 
these  solutions  are  capable  of  affording  crystals.  The  acidi 
hitherto  tried  and  found  capable  of  dissolving  oxide  of  dmh 
miam  are  the  nitric,  muriatic,  sulphuric,  phosphoric^  sulphu- 
rous, and  oxalic* 

Genus  XXn.    Salts  of  Motj/bdenum. 

The  salts  belonging  to  this  genus  are  as  imperfect  as  those 
belonging  to  the  preceding.  None  of  them  seem  capaUe 
of  crystallizing.  But  many  acids  dissolve  oxide  of  mo^rbde* 
txam,  and  the  solutions  are  remarkable  for  the  chai^ges  of 
colour  to  which  they  are  liable. 

Nitric  acid  dissolves  molybdenum  with  chfficultf.  If 
the  quantity  of  metal  be  greater  than  the  acid  can  dmatihe, 
the  solution  is  blue;  but  when  a  small  quantity  of  mo^fbde* 
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num  is  dissolved  in  a  considcruMe  proportion  of  acid,  the  so- 
luliou  ia  yellowish  brown. 

Muriatic  acid  does  not  attncic  molvbdeniim,  but  it  disaolvcj 
its  oxide  und  forms  a  blue  coloured  aolutiun. 

Sulplmiic  acid  dissolves  molybdenum  when  iissisted  by 
lieat,  and  forms  a  yellowish  bruwn  or  u  blue  solution  ac- 
cordinn;  to  tlic  proportion  of  inelLil  acted  on. 

Genus  XXIII.     Salu  of  Uranium. 

Mwt  of  these  salts  are  soluble  in  water,  and  the  solution 
has  a  yt-'IIow  colour.  'Die  pure  alkalies  occasion  in  tlieso  a 
yellow  precipitate,  prussiale  of  potash  a  brownish  red  pre- 
cipitate, hydrosulphuret  of  potash  a  brownish  yellow  preci- 
pitate, aiid  iufuiiiou  of  ntitgalls  a  cliocolate  coloured  precipi- 
tate. 

Sp.  1.  Nilrale  of  Via/iiiim.  Nitric  acid  readily  dissolves 
nraiiiuni  and  its  oxides.  The  solution,  when  sufficiently  con- 
centrated, yields  crystals  of  nitrate  either  in  hexagonal  tables 
or  in  four-sided  flat  prism;:,  with  a  lemon  yellow  colour  and 
greenish  edges.  Water  dissolves  more  than  twice  its  ^veigbt 
of  this  salt,  and  alcohol  mure  than  tltrlce  its  weight  of  it. 
These  liquids,  when  hot,  dissolve  any  quantity  of  the  salt 
whatever.  Sulphuric  ether  dissolves  about  one-fourth  it» 
weight  of  this  salt.  Nitrate  of  uranium  deliquesces  in  a 
moist  atmosphere,  but  when  kept  at  the  temperature  of  KKf 
it  soon  falls  to  powder.  When  heated  it  melu,  and,  by  con- 
tinuing the  heat,  is  decomposed.  This  salt  is  composed  of 
61  oxide,  ^5  acid  and  14  water. 

By  exposing  tlie  nitrute  to  a  moderate  heal,  it  ia  converted 
into  a  lemon-yellow  powder,  insoluble  in  water,  which  is  a 
fub-tulrate  of  uranium. 

Sp.  2.  Muriate  of  Uranium.     Deliquescent  crystals  of  a 
iliowiah  £te^  colour,  having  tlie  form  of  four-std^d  tables. 

T  3 
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Sp.  5.  Sulphate  of  Uranium.  Sulphuric  acid  scarcely 
acts  upon  uranium,  but  it  gradually  dissolves  its  oxide,  and 
the  solution  yields  small  crystals  of  a  lemon-yellow  colour  in 
prisms  or  tables.  This  salt  dissolves  in  less  dian  its  we^ 
of  cold  water,  and  in  about  half  its  weight  of  boiling  water. 
Alcohol  dissolves  -rrth  of  its  weight  of  it.  Heat  decompo- 
ses it,  driving  off  the  acid  and  water,  but  a  violent  tempera- 
ture is  necessary.    This  salt  is  composed  of 

Acid,         18 

Oxide,       70 

Water,      12 

100 
Sp.  4.  Acetate  of  Uranium.    Acetic  acid  dissolves  oxide 
of  uranium,  and  yields  beautiful  crystals  in  the  form  of  long 
slender  transparent  four-sided  prisms,  terminated  by  foui* 
sided  pyramids. 

Genus  XXIV.     Salts  of  Tungsten. 

This  genus  of  salts  is  still  unknown.  None  of  Aen^ 
from  the  difficulty  of  obtaining  the  metal  in  a  state  of  purity, 
havii^  been  hitherto  examined. 

* 

Genus  XXV.     Salts  of  Titanium. 

The  salts  of  titanium  are,  in  general,  soluble  in  wafer,  and 
the  solution  is  colourless.  The  alkaline  carbonates  occasion 
a  flaky  precipitate  in  these  solutions,  prussiate  of  potash  a 
yellowish  brown  precipitate,  hydrosulphuret  of  pota^  a  dirty 
bottie-gn^en,  and  the  infusion  of  nutgalls  a  very  bulky  blood- 
red  precipitate.  When  a  rod  of  tin  is  plunged  into  a^sohh 
tion  of  titllniuiii>  the  liqiiid  around  it  gradually  assumes  a  fini 
mH  coimati  '  A-rbd  <rf  zinc  occa8i(m8  a  deep  blue  eoioyiit. 
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Sp.  1.  Nitrate  of  TUaniuai.  Nitric  acid  dissolves  the 
carbonate  of  titunium,  and  yields  transparent  civstuls  in  the 
form  of  elougated  rhombs,  having  two  opposite  angles  truu- 
cated,  ao  as  to  represent  six-sided  lablps. 

Sp.  2.  Muriate  of  Titanium.  Muriatic  acid  dissolves 
die  carbonate  of  titaniuai,  and  forms  transparent  cubic  cry- 
stals. From  the  experiments  of  Vauqueliu  and  Hecht,  it 
appears  tluit  it  is  the  peroxide  of  titauiiim  only  that  combiues 
with  muriatic  acid. 

Sp.  3.  Sulphate  of  Titanium.  Sulphuric  acid  dissolves 
the  carbonate  of  titaninm.  The  solution  does  not  crystal 
lize  ;  but  jields,  when  evaporated,  a  wliite  opake  gelatinous 


Gencs  XXVI.     Salti  of  Cohmbium. 

This  genus  of  salts  has  been  but  imperfectly  examiued.    ' 
ichett,  Ekeberg  and  VVollaston  are  ttie  only  persons  who 
tliave  hitherto  made  experiments  on  this  scarce  inctal.     Sul- 
I  phuric,  nitric  and  nmriatic  acids  scarcely  dissolve  the  O.xide 
i^f  columbiuin.    The  oxalic,  tartaric  and  citric  at'ids  dissolve 
t  readily.    The  solutions  appear  to  be  U'ansparent  and  co- 
It'lourless.     NeitJier  prussiute  of  potash  uor  hydrosulphuret  of 
I  potash  occasion  imy  precipitate  in  tlicse  solutions.     IJut  in- 
a  of  DiitguUs  throws  down  au  oniuge  coloured  precipi- 
tate, provided  there  be  no  e.icess  of  acid  preseut.     But  s 
ight  excess  of  ucid  prevents  the  precipitate  from  appearing. 


Ghmis  XXVn.     Stilts  of  Cerium. 

.  The  salts  of  cerium  have  either  a  white  or  a  yellow  co- 
lour, according  to  the  state  of  oxiducment  of  the  metal. 
Their  solution'!  in  water  have  a  sweet  taste.  Hydrusulphu- 
ret  of  potaah  throws  duwa  a  white  prwimute,  prDBuste  of 
'3. 
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potash  a  milk-white  precipitate,  and  infusion  of  nutgaUs  no 
precipitate  >vhatever.  The  oxalate  of  ammonia  occasions  t 
white  ppecipit^tei  which  is  insoluble  in  nitric  and  muriatic 
acids.  ' 

'  Sp.  1 .  Nitrate  of  Cerium.  Nitric  acid  dissolves  white  oxide 
of  cerium  readily :  ]the  solution  is  colourless,  crystallizes  witii 
difficulty,  retains  an  excess  of  acid,  and  has  an  austere  and 
sweet  taste;  It  dissolves  the  red  oxide  with  difficulty  unless 
heat  be  applied.  The  solution  is  yellow,  and  yields  small 
white  crystals,  which  deliquesce  when  exposed  to  the  air. 
Both  of  these  salts  are  soluble  in  alcohol.  Heat  decom- 
poses them,  leaving  a  red  coloured  oxide. 

Sp.  2.  Muriate  of  Cerium.  Muriatic  acid  dissolves  red 
oxide  of  cerium  when  assisted  by  heat,  oxymuriatic  gas  is  ex- 
haled, and. the  solution  has  a  yellowish  red  colour,  which  be- 
comes lighter  the  longer  the  heat  is  continued.  The  sdiu- 
tion  yields  four-sided  prismatic  crystals  of  a  yellowish  white 
colour.  They  are  soluble  in  alcohol,  and  deliquesce  when 
exposed  to  the  air.  Hieir  taste  is  astringent  and  sweet 
Heat  decomposes  this  salt  by  driving  off  the  acid  and  Mater. 

Sp.  3.  Sulphate  of  Cerium.  Sulphuric  acid  dissolves  die 
red  oxide  of  cerium  by  long  ingestion,  an  orange  coloured  so- 
lution is  obtained,  which  yields  small  octahedral  and  needle- 
form  crystals.  HThe  colour  of  these  crystals  is  partly  lemon 
yellow,  partly  orange.  *They  are  scarcely  soluble  ih  water! 
Their  taste  is  acid  and  sweet.  When  exposed  to  the  air  Aey 
soon  fall  into  a  yellow  powder.  '' 

Sulphuric  acid  dissolves  the  white  oxide  of  cerium  very 
readily.  The  solution  is  colourless,  has  a  sweet  taste,  and 
yields  ciystals  of  sulphate  of  cerium. 

Sp.  A.  Carbonate  of  Cerium.  When  white  oxide  of  ceri- 
um is  precipitated  from  its  solutions  by  an  alkaline  carbonate, 
c^bonate  of  cerium  is  obtained.    It  is  a  granular  powder  of 
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silveiy  whiteness,  iosuliible  in  water,  aiid  composed  of  '23 
:id,  6j  oxid^,  and  12  water. 

Sp.  5.  Ace/ate  of  Cerium.  Acetic  acid  dissolves  llie 
lite  oxide  of  cerium,  and  fomis  small  sweel-tasted  crjsialg 
luble  in  w^ler,  but  very  spsriii^ly  soluble  in  alcohol. 


CHAPTER  IV. 


OF  IIYDROSULrUfRETS, 


Sulphureted  hydrogen  gas  possesses  many  of  the  proper- 
•s  of  an  acid,  and,  like  acids,  it  combines  with  the  salitiuble 
ises,  and  forms  a  class  of  bodies  called  hi/flrosuliik/irets. 
hese  bodies  are  of  considerable  importunce,  as  they  are  fre- 
ueiitly  employed  in  chcmicil  analysis,  and  enable  us  to  se- 
irate  the  metallic  oxides  from  ulkaiies  and  earths,  beamse 
ey  throw  down  ulmost  the  wtiulc  of  them  from  tlieir  tjoln- 
DHs  iu  an  insoluble  state. 

The  hydrosulphurets  are  soluble  in  water,  and  the  solution 
colourless.     When  the  solution  is  exposed  to  llie  air  it  bc- 
Mnes  green  or  greenish  yellow.     After  long  exposure  to  the 
r,  the  solution  becomes  agtiin  limpid  and  colourless,  and  ou 
examination  is  found  only  to  contaiu  tjje  base  of  hydrosuiphu- 
ret  combined  witji  sulpliuric  ^cid.     The  solution  of  the  liy- 
drosnI;Jiurets  precipitate  almost  all  the  metallic  oxides  from 
their  solutions  ;  iron  and  lead  black,  antimony  orange,  arse- 
nic yellow.  Sac. 

llie  hjdrosulptiureta  may  be  formed  by  dissolving  or  dif- 
fiising  die  respective  bases  in  water,  a<id  passing  a  current  of 
sulphureted  hydrogen  gas  dirough  the  lirjuid  till  it  ceases  lo 
absorb  any  more.  Tlie  excess  of  gas  is  then  driven  off  by 
heat ;  and  the  hydros tilphnret  may  he  obtnincd  ni  a  ^^olid 
State  if  required  by  evaporation,  'ihe  yellow  colour  wliich 
T  4 
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these  solutions  acquire  when  exposed  to  the  air,  is  o^og  to 
the  decomposition  of  the  sulphureted  hydrogen  by  die  gradual 
absorption  of  oxygen  from  the  atmosphere. 

Sp.  ] .  Hifdrosulphuret  of  Bart/tes.  When  sulphate  of 
baryles  is  converted  into  sulphuret  by  mixing  it  with  dmnotl, 
and  heating  it  red  hot  in  a  crucible,  if  boiling  water  be  poured 
upon  the  black  mass,  and  filtered  while  hot,  the  green  coloured 
solution  thus  obtained  yields  by  evaporation  a  great  number  of 
crystals.  These  crystals  are  hydrosulphuret  of  barytes^  Th^ 
are  white,  and  have  a  silky  lustre.  They  have  the  form  of 
scales,  aud  the  shape  cannot  easily  be  distinguished.  This 
substance  is  soluble  in  water,  the  solution  has  a  slight  tint  of 
green,  its  taste  is  acrid  and  sulphureous,  and  when  exposed  to 
the  air,  is  readily  decomposed. 

Sp.  2.  Hydrosulphuret  of  Strontian,  It  may  be  procured 
by  the  same  process  as  the  preceding  hydrosulphuret,  and  its 
properties  are  nearly  similar. 

Sp.  3.  Hi/dromlplmret  of  Potash,  This  substance  is  form- 
ed during  the  solution  of  sulphuret  of  potash,  and  may  oe 
obtained  by  evaporation.  It  is  transparent'^  and  colourless, 
and  crystallizes  in  large  prisms,  not  unlike  the  figure  of  sul- 
phate of  soda.  Jts  taste  is  alkaline,  and  extremely  bitter* 
When  exposed  to  the  air  it  soon  deliquesces  into  a  liquor  of 
a  syrupy  consistence,  tinging  green  all  bodies  with  which  it 
happens  to  come  in  contact.  The  crystals  have  no  smell  at 
first,  but  when  diey  have  deliquesc^^  they  emit  a  fetid  odour* 
They  dissolve  both  in  water  and  alcohol,  and  during  theevo- 
lation^  the  temperature  sinks  considerably.  Acids  drive  off 
Ae  sulphureted  hydrogen  with  a  yiolent  etfervesceuce. 

Sp^  4.  Hydrosulphuret  of  Soda.  The  crystals  of  this  subr 
Stance  are  traqsparent  and  colourless,  having  the  figure  of 
fou'  >. terminated  by  quadrangular  pyramids.    Its 

id  intensely  bitter.     It  is  very  soluble  both 
ibol^  and  during  the  solution  cold  is  pro- 
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duced.     A\licn  exposed  to  the  airit  delltjucsces,  andacquirei 
a  green  colour.    Acids  drive  off  the  sulphui'i?tcd  hydrogt;ii. 

Sp.  5.  Jh/drosu/p/mret  of  Lime.  This  substance  may  be 
formed  by  passing  sulphureted  liydrogcii  gas  through  water, 
having  lime  suspended  in  it.  'Hie  soluUou  is  colourless,  and 
has  ao  acrid  and  bitter  taste. 

Sp.  0.  IJi/ftrasidphitret  of  Ammonia.  This  compound 
niay  be  funned  by  passing  sulphureted  hydrogen  through  li- 
quid ammonia.  When  equal  parts  of  lime,  sal  ammoniac 
and  sulphur  mised  with  a  little  water  are  distilled  in  a  retort, 
a  yellow  liquid  is  obtained,  usually  distinguished  by  the  name 
oi fuming  liquor  of  Soi/le,  because  first  prepared  bv  that 
philosopher.  This  liquid  b  little  else  than  hydrosulphurcl  of 
animoulu  holtliug  an  excess  of  ammonia  in  soluljou. 

Sp.  7.  Hyilrosulphuret  of  Magnesia.  This  substance 
may  be  formed  by  passing  a  current  of  sulphureted  hydrogen 
through  uator  in  which  magnesia  is  diffused.  Its  proper- 
ties have  not  been  hitherto  examined. 

Sp.  8  and  y.  Ilydrosulpkiiretn  of  Gluciiia  and  of  YUria. 
From  the  esperiments  of  Klaprotb  and  V'auquelin,  we  know 
tiut  the  hydrosidphurets  do  not  precipitate  glucina  or  yttria 
from  acids.  Hence  it  is  likely  that  they  are  capable  of  cora- 
Ijining  with  sulphureted  hydrogen,  though  these  combinations 
liave  not  hitherto  been  examined  by  chemists. 

Neither  alimiina  nor  zircoiiia  combine  with  sulphureted 
hydrogen.  Hence  llie  hydiosulphurets  precipitate  these 
eartiin  from  acids. 

When  the  alkalies  and  alkaline  earths  are  nii.ted  with  sul- 
phur and  water,  and  boiled  in  a  glass  vessel,  a  brown  coloured 
solution  is  obtained,  formerly  called  Hrjuid  iiter  ofsii/pliiir. 
At  present  the  term  kydrvgureted  su/phurets  is  applied  to 
tliese  solutions.  They  are  coiKeived  to  be  combinaiious  of 
the  alkaline  bases  with  sulphur  and  sulphureted  hydro;;en  at 
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potash  a  milk-white  precipitate,  aiid  infusion  of  nutgaUs  no 
precipitate  >vhatever.  The  oxalate  of  ammonia  occasions  t 
white  precipitate,  which  is  insoluble  in  nitric  and  muriatic 
acids.  ' 

'  Sp.  1 .  Nitrate  of  Cerium.  Nitric  acid  dissolves  white  oxide 
of  cerium  readily :  ]the  solution  is  colourless,  crystallizes  with 
difficulty,  retains  an  excess  of  acid,  and  has  an  austere  and 
sweet  taste;  It  dissolves  the  red  oxide  with  difficulty  unless 
heat  be  applied.  The  solution  is  yellow,  and  yields  smaH 
white  crystals,  which  deliquesce  when  exposed  to  the  air. 
Both -of  these  salts  are  soluble  in  alcohol.  Heat  decom- 
poses them,  leaving  a  red  coloured  oxide. 

Sp.  2.  Muriate  of  Cerium.  Muriatic,  acid  dissolves  red 
oxide  of  cerium  when  assisted  by  heat,  oxymuriatic  gas  is  ex- 
haled, and. the  solution  has  a  yellowish  red  colour,  which  be- 
comes lighter  the  longer  the  heat  is  continued.  The  solu- 
tion  yields  four-sided  prismatic  crystals  of  a  yellowish  white 
colour.  They  are  soluble  in  alcohol,  and  deliquesce  when 
exposed  to  the  air.  Hieir  taste  is  astringent  and  sweet 
Heat  decomposes  this  salt  by  driving  off  the  acid  and  water. 

Sp.  3.  Sulphate  of  Cerium.  Sulphuric  acid  dissolves  the 
red  oxide  of  cerium  by  long  digestion,  an  orange  coloured  so- 
lution is  obtained,  which  yields  small  octahedral  and  needle- 
form  crystals.  TThe  colour  of  these  crystals  is  partly  lemon 
yellow,  partly  orange.  *They  are  scarcely  soluble  iti  water! 
Their  taste  is  acid  and  sweet.  When  exposed  to  the  air  they 
soon  fall  into  a  yellow  powder.  '' 

Sulphuric  acid  dissolves  the  white  oxide  of  cerium  very 
readily.  The  solution  is  colourless,  has  a  sweet  taste,  and 
yields  ciystals  of  sidphate  of  cerium. 

Sp.  4.  Carbonate  of  Cerium.  When  white  oxide  of  ceri- 
um is  precipitated  from  its  solutions  by  an  alkaline  carbonate, 
c^bonate  of  cerium  is  obtained.    It  is  a  granular  powder'of 
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K  silvery  whiteness,  iosoliible  in  ^^'ate^,  and  composed  of  23 
tcid,  6j  oxide,  and  12  water. 

Sp.  3.  Acetate,    of  Ceriimi.     Acetic   acid    dissolves    Uie 
diJte  oxide  of  cerium,  and  furms  small  sweet-tasted  crystiil.H 
ible  in  water,  but  yj^rj'  spsriii^l^  s.oiuble  in  alcahol. 
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OF  nVDROSCLniCllETS. 

f  Sulphureted  hydrogen  gas  possesses  many  of  ihe  proper- 

!i  acid,  and,  like  acids,  it  combines  witli  the  salifiable 

■ses,  and  forms  a  class  of  bodies  called  hj/drosulpiiiiretn. 

e  bodies  are  of  considerable  importance,  oa  they  are  frc- 

■ueiitly  employed  in  chcniicul  analysis,  and  enable  lis  to  sc- 

e  the  metallic  o.xides  from  iflkalies  and  earths,  because 

ley  throw  down  utmost  the  wiiole  i^f.  them  from  Uieir  soln- 

ions  in  an  insoluble  state. 

t  The  Jiydrosulphnrets  are  soluble  io  water,  and  the  sulutiou 
pccolourless.  When  the  solution  is  exposed  to  llie  air  it  he- 
mes green  or  grcemah  yellow.  After  long  exposure  to  the 
■,  the  solution  becomes  □•^in  limpid  and  colourless,  and  on 
examination  is  found  only  to  contaio  lj;e  base  of  hydrosnlpliU' 
ret  combined  witji  sulpliuric  9cid.  'I1ie  sulutiou  uf  the  hy- 
droBulphurets  precipitate  almost  all  tlie  metallic  oxides  from 
their  solutions ;  iron  and  lead  black,  antimony  orange,  arse- 
nic yellow,  &c. 

Ilic  hydro^idpliurete  may  be  formed  by  dissolving  or  dif- 
fusing tlic  respective  bases  in  water,  and  passing  a  curreut  of 
sulphnreted  hvdr<^en  ^as  through  the  H^uid  till  it  ceaiies  tu 
absorb  any  more.  'Ilie  excess  uf  gas  is  then  driven  ofi'  by 
heat ;  and  the  liydru^tilphuret  may  be  obtiiintd  m  a  M)lid 
state  if  required  by  evaporation.  'I'he  yellow  colour  wliisU 
T  4 
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2.  Oxysulphate,  The  solution  of  thb  salt  has  a  red  co- 
lour. It  does  uot  readily  crystallize,  but  when  evaporated^ 
easily  passes  into  a  jelly.  When  evaporated  to  dryness,  it 
yields  red  coloured  saline  crusts,  very  soluble  in  wat^,  aai 
aot  altered  by  exposure  to  the  air. 

Ge>'us  XXI.     Salts  of  Chromium. 

The  salts  of  chromium  are  but  very  little  known.  For 
the  few  fiacts  ascertained,  we  are  indebted  to  Richter,  Godoa 
and  Vauquelin.  Prussiate  of  potash  occasions  a  brown  so- 
lution in  these  salts,  infusion  of  nutgalls  a  brown  precipitate^ 
hydrosulphuret  of  potash  a  green  precipitate,  which  a  few 
drops  of  nitric  acid  change  to  yellow. 

When  the  oxide  of  chromium  is  obtained  by  precipitating 
chromate  of  potash  by  means  of  a  hydrosulphuret,  it  dissolves 
readily  in  acids.  The  solutions  have  a  green  colour,  and  the 
compounds  are  easily  decomposed.  Nitric  acid  seems  to 
convert  the  oxide  into  chromic  acid.  It  does  not  am)ear  tiiat 
these  solutions  are  capable  of  affording  crystals.  The  acidi 
hitherto  tried  and  found  capable  of  dissolving  oxide  of  chn>* 
miam  are  the  nitric,  muriatic,  sulphuric,  phosphoric^  sulphu- 
rous, and  oxalic* 

Genus  XXn.    Salts  of  Molybdenum. 

The  salts  belonging  to  this  genus  are  as  imperfect  as  dipse 
belonging  to  the  preiceding.  None  of  them  seem  capable 
of  crystallizing.  But  many  acids  dissolve  oxide  of  molybde* 
Hum,  and  the  solutions  are  remarkable  for  the  chai^  of 
colour  to  which  they  are  liable. 

Nitric  acid  dissolves  molybdenum  with  difficulty.  If 
the  quantity  of  metal  be  greater  than  the  acid  can  <&nolie, 
the  solution  is  blue;  but  when  a  small  quanti^  of  moljbde* 
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Bnm  is  dissolved  in  a  coiuidcrutile  proportiou  of  arid,  the  ao- 

^■tioii  is  yellowish  brown. 

B  Muriutic  acid  does  not  altnck  molybdenum,  bnt  it  dissolves 

BlB  oxide  and  forms  a  blue  coloured  aolntiun. 

^   Sulphuric  acid  dissolves  molybdenum  when  assisted  by 

Bpeat,  and  forms  a  jellowisli  browu  or  a  blue  solution  uc- 

bprdiiig  to  the  propoitiou  of  metal  acted  on. 

I  Genus  XXIII.     Sails  of  Uranium. 

W  Mo.st  of  these  salts  are  soluble  in  ^vate^,  and  the  solution 
■■BS  a  yellow  colour.  Tlie  pure  alkalies  occasion  in  these  a 
Mteliow  precipitate,  prussiate  of  potash  a  brownish  red  pre- 
cipitate, hydros ulphuret  of  potash  a  brownish  yellow  preci" 
HJKale,  aiid  infusion  of  nutgalls  a  chocolate  coloured  precipi- 

V  Sp.  I.  Nilrate  of  Uranium.    Nitric  acid  readily  dissolves 
■inmiuni  aud  its  oxides.    The  solution,  when  sufhciently  con- 
■eentrated,  yields  crystals  of  nitrate  either  in  hexagonal  tables 
■or  in  four-sided  flat  prisms,  with  a  lemon  yelloiv  colour  and 
■greenish  edges.     Water  dissolves  more  than  twice  its  weight 
pof  this  salt,  and  alcohol  more  thuu  thrice  its  weight  of  it. 
These  liquids,  wlieu  hut,  dissolve  any  quantity  of  the  salt 
whatever.     Sulphuric    ether  dissolves   about  oue-fourth  its 
weight  of  this  salt.     Nitrate  of  mniiinm  deliquesce!)  in  a 
moist  atmosphere,  but  when  kept  at  the  temperature  of  100° 
it  soon  falls  to  powder.    When  heated  it  melts,  and,  by  con- 
tinuing the  heat,  la  decomposed.     This  salt  is  composed  of 
61  oxide,  Sj  acid  and  14  water. 

Uy  exposing  tlie  iiitrule  to  a  moderate  heat,  it  is  convorled 
into  a  temon-yellow  powder,  insoluble  in  water,  which  is  a 
sub-nitrate  of  uranium. 

Sp.  2.  Muriate  of'  Uranium.     Deliquescent  crystals  of  a 
r^ani^  the  form  of  fuut 
T  a 
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swers  better  than  any  other  hitherto  tried.  These  {JaiteB 
soften  When  heated,  and  adhere  very  strongly  to  the  sldnmlMi 
spread  thin  upon  linen  or  leather,  but  they  maybe  drawn  d^ 
by  using  the  requisite  force,  without  leaving  any  portion  ad-' 
hering  to  tlie  skin.  In  these  properties  their  excellence  oott- 
sists. 


DIVISION  IV. 

UK 

OF  VEGETABLE  SUBSTANCES. 


The  substances  hitherto  found  m  the  vegetable  kii^om, 
all  of  them  at  least  which  have  been  examined  with  any  de- 
gree of  accuracy,  may  be  reduced  under  four  heads  :  I.  Sub- 
stances soluble  in  water,  at  least  in  some  state  or  other,  and 
vhich,  in  general,  are  solid  and  not  remarkably  conaibustible. 
II.  Substances,  either  fluid,  or  which  melt  when  heated,  uxl 
bum  like  oil.  They  are  all  insoluble  in  water;  but,-  in  ge- 
neral, they  dissolve  in  alcohol.  III.  Substances  neidier  so- 
luble in  water  nor  alcohol  nor  ether,  and  which  have  a  fibrous 
or  woody  texture.  IV.  Substances  which  belong  to  the  mi- 
neral kingdom,  which  occur  only  in  small  ijuantiiy  in  v^ 
tables,  and  may  therefore  be  considered  as  extraneoos  or  fo- 
reign. The  following  table  exhibits  a  view  of  the  diffsreDt 
vegetable  substances  hitherto  discovered;  arranged  under  their 
respective  heads. 


JMV«  IT* 


VKOSTABLB  SUBSTANCES. 


SOS 


%  1  Adda. 
:  d  Sugar* 
.3  SarcocoQ. 
.  4  Asparagiu. 

5  Gum. 

6  Mucus. 

7  Jelly. 

8  Ulmm. 

9  Inulin. 


10  Starch. 

11  Indigo. 

12  Gluten. 

13  Albumen. 

14  Fibrin. 

15  Bitter  princif^. 

16  Extractive. 

17  Tanmu. 

18  Narcotic  principlf* 


II.  Oleoform* 


I  Fixed  oil. 
£  Wax. 

3  Volatile  oil, 

4  Campoor. 
6  Bird-lime* 


6  Resins. 

7  Guaiacum. 

8  Balsams. 

9  Gum  resins. 
10  Caoutchouc. 


«  > 


1  Cotton. 


m.  RbrauSk 
S  Suber. 


S  Wood. 


M  Alkalies. 


IV.  Extraneous. 
£  Earths. 


S  Metals. 


>»;■ 


m»  properties  of  these  different  substances  form  the  subject 
401  llie  foUowing  chapters; 


r.\J.i:      ^       . 
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CHAP.   I. 

OF    ACIDS. 

The  acids  found  ready  formed  in  the  vegetable  kingdom; 
are  the  following : 

1  Acetic.  4  Citric.  7  Benzoic. 

2  Oxalic.  5  Malic.  8  Pmssic. 

3  Tartaric.  '     6  Gallic.  9  Phosphoric. 

The  sulphuric,  nitric  and  muriatic  acids  are  likewise  to  be 
found  in  vegetables  combined  with  alkalies,  but  only  in  small 
quantities. 

1 .  Acetic  acid  has  been  detected  in  the  sap  of  different 
trees,  in  the  acid  juice  of  tlie  cicer parietinumy  and  in  the 
sambucus  nhra. 

2.  Oxalic  acid  in  the  state  of  superoxalate  of  potash  exists 
ijn  the  leaves  of  the  oxalis  qcetosella,  oxalh  cormculatOf  and 
different  species  of  rnmex.  It  exists  uncombined  in  the  juice 
of  the  cicer  parietimun.  In  the  state  of  oxalate  of  lime  it  is 
found  ill  rhubarb,  and  in  the  roots  and  barks  of  a  great  va* 
riety  of  planti^ 

3.  Tartaric  acid  is  found  in  the  pulp  of  the  tanmrmdy  in 
Hie  yiice  of  grapes  and  mulberries;  likewise  in  the  rum^ 
acefosa,  rhus  coriana^  rheum  rhapontic\im,  agave  ameriw^^f 
triticum  repens,  leontodon  taraxacum,  lii  most  of  thes* 
plants  it  is  in  the  state  of  supertartrate  of  potash. 

4.  Citric  acid  is  found  intermixed  with  other  acids  in  ^ 
juice  of  oranges  and  lemons,  and  in  the  berries  of  vacciniiJ^ 
Qxycoccos,  vaccinhim  vUis  idcca,  prunns  padns^  solanim  <?^'' 
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•amara,Tom  caniiia.     Mixed  with  otlier  nc-ds  't  is  common 
in.  many  fruits.      Citrate  of  lime  is  found  in  the  onion 

5.  Malic  ucid  is  very  common  in  plants.  It  was  found  by 
3cheele,  unmixed  with  any  other  acid,  in  the  fruits  of  the 
following  plants ;  the  apple,  berberis  vulgaris,  pntniix  do- 
mentira,  primus  spinosa,  sambiinis  nigra,  sorbnn  aaeirparia. 
Braconnot  has  fo:md  it  id  the  leaves  of  most  vegetables 
^hich  he  examined.  Vaiiijuelin  found  it  in  the  state  of  m- 
p^rmalate  of  lime  in  the  following  plants ;  sempeivivum  tec- 
foiiim,  sediirn  alburn,  sedum  acre,  sedum  telephiam^  arum  ma- 
c^rtfnlam,  and  different  species  of  cramih  and  mesembrian- 
tfifmum.  Mixed  \vtth  citric  acid,  it  constitutes  the  acid  of 
Uie  following  fruits ;  gooseberries,  currants,  Ijleaben'tPs,  cfter- 
f-ies,  stras'berrks,  clumlherries,  raspberries.  Sometimey,  aa 
in  the  tamarind,  it  is  mixed  with  tartaric  acid 

(>.  Gallic  acid  has  been  found  in  the  jjark  of  most 
astringent  tasted  trees;  as,  elm,  ouk,  hoi^^-cliesuut,  beech, 
wllow,  elder,  plum,  sycamore,  bircii,  cherry  tree j  mouutain- 
ash,  poplar,  hazel,  ash,  sumach. 

7.  Benzoic  acid  has  been  found  only  in  a  few  vegetable 
substances,  to  which  the  name  of  balsam  has  beeu  given, 
Tlie  cliief  of  these  are  benzoin,  balsam  of  tola,  slonix,  dra- 
go  It's  blood. 

3.  Prussic  acid  has  been  fuund  in  the  leaves  of  the  lauro- 
cerasus,  in  jteach  blossoms,  in  the  flowers  of  the  sloe,  in  the 
leaves  of  the  bay-leaved  widow  (,sfl/ijr  petitandra),  and  in 
most  bitter  tasted  kernels. 

9.  Phosphoric  acid  is  very  cQinmon  in  plants,  but  pnly  in 
small  quantities,  and  it  is  usually  combined  with  puta^ih  ur 
lime.  Phosphate  of  potash  exists  in  barley  and  oilier  species 
of  corn,  so  does  phosphate  of  lime.  Both  of  these  salts  esist 
in  the  leaves  of  many  trees. 
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CHAP.  U. 

OF  SUGAR. 

Common  sugar  is  obtained  from  the  juice  of  the  arunda 
^acharifera  or  sugar  cane,  a  plant  cultivated  from  time  inn 
memorial  in  India  and  China.  It  was  unknown  in  Europe 
till  after  the  conquests  of  Alexander  the  Great.  The  cold-, 
yation  of  tl^  sugar  cane  was  gradually  introduced  into  Sidly 
and  Spain,  and,  after  the  cliscovery  of  America,  it  was  iot- 
ported  to  the  West  Indi^  islands,  where  it  has  lieen  cultiva- 
ted to  a  great  extent.  Sugar  has,  in  consequence,  become 
9  necesss^  of  life  among  the  modem  nations  of  Europe. 

The  juice  is  extracted  by  passing  the  cane  between  irni 
rollers,  and  ipimec|iately  run  into  a  flat  copper  cauldron,  where 
it  is  mixed  with  a  little  liipe  and  heated  to  the  temperature 
of  140°.  A  thick  viscid  scum  collects  on  the  surface,  which 
is  left  unbroken,  and  the  clear  liquid  dr£|wn  from  below  and 
iiitroduced  into  a  large  boiler.  Here  it  is  boiled  briskly,  the 
scum,  as  it  forms,  being  constantly  removed.  From  this  first 
boiler  it  is  passed  into  a  second,  from  that  to  a  third  and 
fourth,  in  each  of  which  the  boilmg  is  continued.  Whea 
sufficiently  (:oncentrated,  it  is  poured  into  a  lai^  wooden 
vessel  called  the  cookr,  where  it  crystallizes  or  grains  as  it 
90ols.  From  the  cooJer'  it  is  taken  and  put  into  hogshead^ 
havii^  a  hole  in  the  bottom,  into  which  the  stalk  of  a  plan- 
tain le^f  is  thrust.  Through  these  holes  the  molasses  dr^ 
into  a  receiver.  The  sugar,  thus  cleared,  is  brought  to  this, 
country  under  the  name  of  raw  sugar.  It  is  refined  by  so- 
^tion  in  water,  clarified  by  bullock's  blood,  boiled  down  and 
poured  into  earthen  cones,  having  a  hole  in  the  apex  M(Iiich 
is  undermost.  The  base  of  the  cone  is  covered  with 
fnoist  clay.    Froni  this  tl^  water  slowly  penetrates  through 
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ihe  sugar,  and  carries  off  the  impurities.    In  tliis  state  it  is 
white,  and  is  known  by  the  name  of  loaf  tugar. 

From  the  experiments  of  Proust,  it  appears  that  sugar 
cane  juice  contains  gluten,  gum,  extractive,  a  little  malic 
acid,  sulphate  of  lime,  aud  two  )>pecie3  of  sugar.  The  ob- 
ject of  the  process  is  to  remove  all  tlie  substances  except  the 
ci^stalli/able  sugar. 

Sugar  is  a  fii'm  white  substance  of  an  extremely  sweet 
taste,  but  destitute  of  smell.  It  is  but  little  altered  by  ex- 
posure te  tlie  atmosphere,  though  in  damp  a'u'  it  is  liable  to 
become  moist. 

Cold  water  dissolves  nearly  its  own.  weight  of  sugar,  and 
boiling  water  dissolves  auy  quantity  whatever.  The  solution 
constitutes  a  thick,  ropy,  adhesive  fluid  called  syrup.  When 
Syrup  is  sufficiently  concentrated,  and  kept  in  open  vessels  in 
a  hot  place,  the  sugar  gradually  crystallizes.  The  crystals 
are  four  or  six-sided  prisms,  terminated  by  two-aided,  and 
sometimes  by  three-sided  summits. 

The  specific  gravity  of  white  sugar  is  1'6065.  It  is  not 
acted  on  by  oxygen  gas,  by  the  simple  conibuatibles,  by  azote 
or  by  the  metals.  The  alkaline  earths  combine  wilii  sugar 
and  form  a  compound  which  lias  a  bitter  and  astringent  taste. 
Sugar  facilitates  tlie  solubility  of  iitne  and  strontiau  in  water; 
but  barytes  appears  to  act  with  more  energy,  and  to  occasion 
decomposition  of  sugar.  The  fised  alkalies  combine  with 
sugar,  and  form  compounds  similar  to  tliDse  formed  by  the 
alkaline  earths. 

The  acids  dissolve  sugar,  and  the  more  powerful  mineral 
acids  decompose  it.  Nitric  acid  dissolves  it  with  efferves- 
cence, converts  oue-lialf  of  its  carbon  into  carbonic  acid,  the 
residue  assumes  tlie  form  of  water  and  oxalic  acid.  A 
quantity  of  malic  acid  is  also  evolved.  100  grains  of  sugar 
yield,  by  tliis  treatment,  58  grains  of  oxalic  acid.  Oxymu- 
mtic  >cid,  according  to  Chcitevix,  converts  sugar  into  citiic 
V  3 
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acid.     Sulphuric  acid  decomposes  sugar,  MV9ter  and  acetic 
acid  are  formed,  and  a  great  quantity  of  charcoal  evolved. 

Sugar  dissolves  in  about  1 6  parts  of  boiling  alcohol.  If 
the  solution  be  set  aside^  the  sugar  is  gradually  deposited  in 
elegant  ci7stals. 

The  hydrosulphurets,  sulphurets  and  phosphurets  of  alka- 
lies and  earths  seem  to  have  the  property  of  decomposii^  su- 
gar, and  of  bringing  it  to  a  state  not  very  different  from  that 
of  gum.  . 

When  heat  is  applied  to  sugar,  it  melts>  swells^  becomes 
brownish  black,  emits  air  bubbles,  and  emits  the  smell  of  cft- 
romel.  At  a  red  heat  it  bursts  uito  flames  with  a  kind  of 
explosion.  When  dijjtilled,  there  comes  over  water;  an  acid 
liquid  called  pyromucous  acid,  now  known  to  be  the  acetic 
mixed  with  a  little  empyreumatic  oil ;  an  oil ;  and  a  bulky 
charcoal  remains  m  the  retort.  During  the  distillation  a  con- 
siderable quantity  of  carbonic  acid  and  heavy  inflammable  air 
come  over. 

.  From  the  experiments  of  Lavoisier,  compared  with  some 
of  my  own,  it  appears  that  sugar  is  composed  of 

64  oxygen 
28  carbon 
8  hydroge 

aoo 

It  appears  frona  the  recent  researches  of  chemists,  that 
tiiere  exist  various  species  of  sugar  differing  from  each  other 
in  their  properties.  The  most  important  of  these  are  the 
following :  common  sugar,  liquid  sugar,  sugar  of  grapes,  su- 
gar of  beet,  manna. 

Conunon  sugar  is  the  substance  described  in  the  preced- 
ing pari  of  this  chapter.  It  is  obtained  from  the  sugar  cane. 
The  properties  of  the  sugar  of  the  maple  are  not  know9 
to  diffev  from  those  of  common  sugar.        ^     ' 


1 


Liquid  sugar  was  first  pointed  out  by  Proust.  It  exists  in 
a  variety  of  fruits  and  vegetable  juices.  It  does  not  cr)'stal- 
lize,  and  can  only  be  exhibited  in  a  liquid  state.  It  is  mom 
soluble  in  alcohol  than  common  sugar.  Itexista  in  the  juice 
of  the  sugar-cane,  and  constitutes  uo  inconsiderable  portiou 
of  molasses. 

Sugar  was  first  extracted  from  grapes  by  the  Due  de  Bul- 
lion. They  often  yield,  according  to  Proust,  from  30  to  40 
per  cent,  of  sugar.  He  extracted  it  by  saturating  die  acids 
contained  in  the  juice  of  grapes  with  potash,  boding  it  Aown 
to  one  half,  and  setting  it  aside.  Several  of  die  salts  subsid- 
ed. The  juice  was  then  mixed  with  blood,  heated,  scummed, 
Altered,  and  boiled  down  to  a  syrup.  Crystals  of  raw  sugar 
giaduaily  form  which  may  be  purified  by  repeating  the  pro- 
cess. This  sugar  is  white,  but  inferior  inconsistence  to  com- 
mon sugar.  It  is  not  so  sweet,  and  resembles  sugar  from 
honey.  Like  it,  the  sugar  of  grapes  crystallizes  in  sphericlcs. 
It  is  less  soluble  diaii  cominou  sugar,  and  does  not  go  so  far 
it]  sweetening  liquids. 

Sugar  wasfirstextractedfroin  the  beet  by  MargrafF.  Many 
experiments  were  afterwards  made  upon  the  extraction  by 
Achard  and  other  German  philosophers,  and  attempts  made 
to  substitute  ihc  sugar  of  beet  for  cominun  sugar,  but 
it  could  not  be  obtained  at  a  low  enough  price.  It  has 
a  greater  resemblaiKe  to  common  sugar  than  the  sugar 
of  grapes  ;  but  is  distinguished  by  a  certain  nauseous  bitter 
taste,  owing  perhaps  to  tlie  presence  of  some  foreign  sub- 
stance. 

Manna  is  the  produce  of  various  trees,  but  is  chiefly  obtain- 
ed from  tlio  frajinius  oniiis,  a  species  of  ash,  which  grows 
abundantly  in  Sicily  and  Ca[abria.  It  partly  exudes  sponta- 
neously during  die  sunuiier  monUis,  and  is  partly  obtained  by 
incisions.  Ilie  juice  gradually  concretes  into  a  solid  mass, 
or  it  is  dried  in  llie  sun  or  in  stoves.    Pure  manna  is  very  light, 
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and  appears  to  Consist  of  a  congeries  of  fine  capillary  crys- 
tals. Its  taste  is  sweet,  and  it  leaves  a  nauseous  bnpressioir 
in  the  mouth.  Hot  alcohol  *  dissolves  it  readily,  and,  oo 
cooling,  deposites  about  5-8ths  of  the  manna  iii  the  state  of 
a  fine  light  spongy  crystalline  mass,  bearing  some  resemblance 
to  camphor.  This  deposite  may  be  cousidered  as  pure  man- 
na. It  has  an  agreeable  sweet  taste,  and  instantly  melts  on 
tlie  tongue  like  snow  in  warm  water.  When  dissolved  in  ni- 
tric acid,  it  yields  oxalic  acid.  The  saclactic  appears  ako 
when  the  manna  is  impure.  Manna  does  not  undei^o  the 
vinous  fermentation,  and  seems  in  consequence  incapable  of 
iiimishing  alcohol.  Manna  itself  seems  to  be  formed  from 
uncrystallizable  sugar  by  a  species  of  fermentation. 

The  plants  yielding  sugar  are  very  numerous.  It  seldom 
exudes  spontaneously  A:(Hn  vegetables,  though  this  is  some* 
times  the  case. 


CHAP.  III. 


OF  SARCOCOLL. 


This  substance,  which  has  hitherto  been  confounded  with 
the  gum  resins,  though  its  properties  are  very  different,  ex- 
udes spontaneously  from  the  penaa  sarcocolla,  a  shrub  said 
by  botanical  writers  to  be  indigenous  in  the  nortb-eastem 
parts  of  Africa.  It  m^  be  obtained  pure  by  solution  in  al- 
cohol, filtration  and  evaporation. 

Pure  sarcocoll  has  a  brown  colour,  is  semitransparent,  and 
very  like  goni  in  appearance.     Its  specific  gravity  is  l'26B4. 

It  has  a  sweet  taste,  but  leaves  an  impressioaof  bitterness. 
It  dissolves  readily  both  in  water  and  alcohol.  TTie  solutioB 
is  yello\^.  It  does  not  en  stallize^  When  heated,  it  sof- 
tens, but  does  not  melt.     It  emits  a  slight  smell  of  caromeL 
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When  strongly  heated  it  blackens,  and  assumes  &e  consiat- 
eDce'  of  tar,  emitting  a  heavy  white  smoke,  having  an  acrid 
odour.  Nitric  acid  dissolves  it,  but  does  not  convert  it  into 
tannin.  From  these  properties  sarcocoll  appears  to  be  iutet- 
nediate  between  gum  and  sugar. 


I 


I  GIVE  this  name  to  a  substance  discovered  in  the  juice  of 
asparagus  by  Vauquelin  and  Robiquet.  The  juice  was  eva- 
porated to  the  consistence  of  a  syrup,  and  set  aside.  Crys- 
tals of  aaparagin  formed  in  it  spontaneously, 

'ITiese  crystals  are  white  and  transparent,  and  have  the 
figure  of  rhomboidal  prisms.  The  greater  angle  of  the 
rhomboidal  base  is  130°. 

Asparagin  is  hard  and  brittle.  Its  taste  ia  cool,  and  slight- 
ly nauseous,  so  as  to  occasion  a  secretion  of  saliva. 

It  dissolves  readily  in  hot  water,  but  in  cold  water  only 
sparingly.     Alcohol  does  not  dissolve  it. 

The  aqueous  solution  doesnot  affect  vegetable  blues.  Nei- 
ther infusion  of  nutgalls,  acetate  of  lead,  oxalate  of  ammonia, 
muriate  of  barytes,  nor  hydrosulphuret  of  potash  occasion  any 
change  in  it.  When  triturated  with  potash  no  ammonia  is 
disengaged.  The  potash  seems  to  render  it  more  soluble  in 
water. 

When  heatedit  swells,  and  emits  penetrating  vapours,  af- 
fecting the  eyes  and  nose  like  the  smoke  of  wood.  It  leaves 
a  large  portion  of  insipid  charcoal,  which,  when  incinerated, 
gives  scarcely  a  trace  of  residue. 

Nitric  acid  dissolves  it  with  tlie  evolution  of  nitrous  gai. 
.   .The  solution  has  a  yellow  colour,  and  a  bitter  taste  like  that 
U4 
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of  wiinml  substaoces  in  the  same  acid,    lime  disengage,  frou 
it  a  cousiderable  quauUt^  of  amnioDia, 


e»aei 


TuEtE  is  a  thick  transparent  tasteless  fluid,  nhicli  some- 
times exudes  from  certaiu  species  of  trees.  It  is  vfry  adhe- 
sive, and  gradually  hardeus  without  losing  its  traaspareDc;, 
but  eadiy  softens  again  wheu  inoisttnied  with  water.  This 
exudation  is  Lnown  by  the  name  of  gum.  'flie  guiB  most 
commonly  used  is  that  which  exudes  from  different  speaei 
of  the  mimosa,  particularl;  the  nilotiia,  aud  a  kuonu  by 
name  of  gum  arable. 

Gum  is  usually  obtained  in  smalt  pieces  like  tears,  modt^ 
rately  hard,  aud  somewhat  brittle  while  oAii,  so  that  it  caB 
be  reduced  by  pomidiug  to  a  line  powder.  VMien  p^  it  ii 
colourless;  but  it  has  commoidy  a  yellowish  tinge,  and  it  il 
not  destitute  of  lustre.  It  has  no  smell.  Its  taste  is  msipi^ 
Its  specific  gravity  varies  from  I'Sllil  to  1-481?.  • 

It  is  not  altered  by  exposure  to  the  air,  but  the  light  of  1I14I 
suu  makes  it  as^me  a  white  colour.  Water  dissolves  it 
large  quautit.es.  The  solntion,  whicli  is  known  by  the: 
of  mucilage,  is  thick  and  adbeaive.  It  is  often  used  as  S 
pa'sle,  and  to  give  stiffitess  and  lustre  to  linen.  When  ew 
porated,  the  gum  is  obiamed  unaltered.  Mucilage  maj  W 
kept  for  years  without  undergoing  putrefaction:  at  hi^ 
however,  the  odour  of  acetic  acid  becomes  perceptible  in  it- 

\^'hen  gum  is  exposed  to  heat  it  softens  aud  swells,  but 
does  not  melt ;  it  emits  air  bubbles,  blackens,  aud  at  bit 
when  nearly  reduced  to  charcoal,  emits  a  tow  blue  flain^ 
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A  white  oah  retttaiiU]  consisting  chiefly  of  the  carbonates  of 
lime  and  potash. 

Gum  does  not  appear  to  be  acted  on  by  osygcn  gas,  the 
ample  combustibles,  azote  or  the  metals,  'llie  only  me- 
tellic  salts  which  occasion  a  precipitate  when  dropt  into  mu- 
cilage,  are  nitrate  of  mercuri/,  and  acetate  of  lead,  both  of 
which  occasion  a  white  precipitate.  The  siuperacetate  of 
lead  occasions  no  change.  When  osymuriale  of  iron  is 
poured  into  a  strung  mucilage,  the  whole  a  converteil  into  a 
brown  semttiansparent  jelly,  which  is  not  readily  thssolved 
by  water. 

Neither  the  alkalies,  alkaline  earths,  nor  earthy  salts  occa- 
aion  any  precipitate  ui  mucilage ;  except  silicated  potash, 
vhich  throws  down  a  white  flaky  precipitate,  even  though 
very  much  diluted.  The  liquid  remains  tranitparent  and  co~ 
lourlcss.  Silicated  potash  is  by  far  the  must  delicate  test  of 
guni  that  I  have  yet  met  will). 

Li(]iiid  potash  tirst  converts  gum  into  a  substance  not  un- 
like curd,  and  then  dissolves  it.  The  solution  is  of  a  light 
amber  colour,  and  transparent.  When  kept  long,  the  gum 
falls  again  in  tlic  state  of  curd.  Alcohol  throws  down  the 
gum  in  white  flakes,  still  soluble  in  water,  but  it  retains  die 
potash  obstinately,  and  is  much  more  friable  than  before, 
Ljme  w  ater  and  ammonia  likewise  dissolve  gum,  and  it  may 
be  afterwards  separated  little  altered. 

'Ilie  vegetable  acids  dissolve  gum  without  alteration,  the 
strong  acids  decompose  it.  When  thrown  into  sulphuric 
acid  it  blackeii'!,  aiid  is  decomposed.  Charcoal  is  evolved, 
amounting  to  nearly  one-third  of  the  gum ;  some  aititicial 
tannin  may  be  detected,  and  water  and  acetic  acid  are  like- 
wise formed.  When  gum  is  dissolved  in  strong  muriatic 
acid,  a  brown  solution  is  obtained,  which  become;  perfectly 
transparent  when  diluted  witli  water,  while  at  the  same  time 
■ome  charry  matter  falls.  If  the  solution  be  saturated  witli  am- 
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monia  evaporated  to  dryness,  and  the  residue  digested  nn  at 
cohol,  the  alcohol  assumes  a  deep  brown  colour^  and  dk- 
solves  the  whole  except  a  Utile  sal  ^unmoniac.  The  gum 
now  bears  some  resemblance  to  sugar  in  its  properties,  at 
least  when  heated  it  melts,  and  give^  out  a  very  stroi^  smeil 
of  caromeL 

Oxymuriatic  acid,  according  to  Vauquelin^  converts  gum 
into  citiic  acid.  If  nitric  acid  be  sl^tly  heated  upon  gUD 
Ull  it  has  dissolved  it,  and  till  a  little  nitrous  gas  has  exhaled, 
the  solution  on  co^iling  deposites  saclactic  acid.  Malic  add 
is  formed  at  the  same  time,  and  if  the  heat  be  continued,  tiiJ^ 
gum  is  at  last  changed  into  oxalic  acid. 

Gum  is  insoluble  in  alcohol.     It  is  precipitated  from  wa-' 
ter  by  alcohol.     It  is  insoluble  also  in  ether  and  in  <h1s  ;  but 
when  triturated  widi  a  little  oil,  it  renders  the  oil  miscU^ 
with  water. 

Gum  readily  combines  with  sugar  by  mixing  together  die 
solutions  of  both  in  water,  and  evaporating  to  dryness.  Air 
cohbl  digested  on  the  residuum,  dissolves  most  of  the  sugar, 
a  matter  remains  which  still  has  a  sweetish  taste  and  resem- 
bles  the  substance  of  which  the  nests  of  wasps  are  formed. 

When  gum  is  distiHed  in  a  retort,  the  products  are  water 
impregnated  wiUi  acetic  acid  and  oil,  or  pi/romucous  acid,  as 
it  was  foimerly  called,  a  little  empyreumatic  oil,  carbonic 
acid  gas,  and  heavy  inflammable  air.  There  remains  in  the 
retort  charcoal  containing  lime  and4)hosphate  of  lime.  Gum 
yields  also  traces  of  iron  when  its  ashes  are  examined,  hut  no 
fixed  alkali  or  sulphur  can  be  detected. 

The  species  of  gum  at  present  known  are  numerous,  and 
a  more  rigid  examination  of  the  vegetable  kingdom  will 
doubtless  discover  a  still  greater  number.  The  most  re- 
markable are  gum  arabic^  gum  Senegal,  giun  tragacanth,  anA 
cherry  tree  gums. 


Gum  arable  exudes  fiotn  the  mimosa  nilolica.  It  is  the 
■species  described  in  the  preceding  part  of  this  chapter. 

Guni  Senegal,  brought  from  the  islaud  of  that  name  on  the 
«2«ast  of  Africa,  often  supplies  the  place  of  gum  arable  in  the 
slops.  It  is  in  larger  masses  ihdti  the  arable,  and  its  colour 
is  darker,  but  in  other  respects  its  properties  are  the  same. 

Gmn  ti-agacanth  is  the  produce  of  the  astragalus  Iragacan- 
tha,  a  thorny  shrtib  which  grows  m  Candia,  and  other  islands 
of  the  Levant,  It  exudes  about  the  end  of  June,  from  the 
stem  and  larger  branches,  and  soon  dries  in  tlie  sun.  It  is 
in  the  slate  of  whitish  vermiform  pieces,  not  nearly  so  trans- 
parent as  gum  arabic,  and  is  exceedingly  different  from  it  in 
many  of  its  properties.  When  put  into  water,  it  slowly  im- 
bibes a  lat«e  quantity  of  the  liquid,  and  forms  a  soft  but  not 
fluid  mucilage.  If  the  quantity  of  water  be  more  than  the 
gum  can  imbibe,  the  mucilage  forms  an  irregular  mass, 
which  does  not  unite  with  the  rest  of  the  liquid,  Wlien  ti-a- 
gacantliis  treated  with  nitiic  acid,  it  yields  abundance  of  sac- 
lactic  acid,  malic  acid,  and  oxalic  acid,  but  not  the  least 
trace  of  artificial  taimin.  When  the  mucilage  of  gum  tra- 
gacauth  is  triturated  in  a  mortar  with  water,  it  forms  a  ho- 
mogeneous solution.  This  solution  forms  a  precipitate  with 
acetate  and  supcracetate  of  lead  and  oxymuriatc  of  tin. 
Nitrate  of  niercurj'  throws  down  a  slight  precipitate ;  but 
neitlier  oxysulpbate  of  iron,  nor  silicated  potash  produce 
any  efTect.  These  properties  show  it  to  differ  very  materi- 
ally from  gum  aiabic  in  its  properties. 

The  pniiius  avium,  -ihe  common  cherry  and  plum-trees, 
and  the  almond  and  apricot  likewise  yield  a  gum  which  ex- 
udes in  great  abundance  from  natural  or  artificial  openings 
in  the  stem.  It  is  of  a  reddish  brotvn  colour,  in  large  masses, 
at  first  much  softer  th^  gum  arabic,  but,  by  keeping,  it  be- 
comes very  hard.  When  put  into  water  it  gradually  swells, 
and  is  converted  into  a  seini-lrauspareut  reddish  brown  jelly. 
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Part  of  it  dissolves,  but  a  part  of  it  reniaiiLt  in  the  state  of 
jelly,  and  refuses  to  dissolve  even  when  boiled  in  water  fot 
some  tiine.  The  gum  dissolved  is  not  precipitated  by  alco- 
hol nor  by  Bilicated  potash.  Acetate  of  lead  produces  do 
immediate  effect,  but  on  standing  tlie  whole  becomes  opaker 
and  a  precipitate  at  last  subsides.  0.\ymuriate  of  tin  causO 
tfie  liquid  to  gelatinize  immediately.  The  superacetate  of 
lead  and  the  nitrate  of  mercury  produce  no  effect,  WheB 
treated  with  nitric  acid,  it  yields  a  portion  of  saclactic  »ai. 
These  properties  show  a  marked  difference  between  dierTy* 
tree  gum  and  the  other  species. 


CHAP.  VI. 

OF  MUCUS. 


Tlie  substances  to  ivhich  I  give  the  same  of  mucus,  havt 
been  hitherto  considered  as  varieties  of  gum  ;  but,  from  the 
recent  eNperiments  of  Dr  Bostock,  it  appears  that  tiieir 
properties  differ  ao  much  from  those  of  gum  as  to  entitle 
them  to  a  separate  place  as  vegetable  principles.  Thej  are 
very  numerous,  existing  in  the  roots,  leaves  and  seeds  of  ■ 
great  variety  of  plants.  They  scarcely  ever  separate  sponta- 
neously, but  may  be  obtained  artificially  in  a  state  of  tol^ 
Table  purity.  Only  a  few  of  them  have  been  examined. 
The  rest  are  classed  with  these  only  from  analogy. 

linseed  yields  mucus  in  a  slate  of  tolerable  purity.  W'hea 
it  is  infused  in  ten  limes  its  weight  of  water,  a  fluid  is  obtain- 
ed of  the  consistence  of  white  of  egg,  which  has  the  adhesive 
qualities  of  mucilage  of  gum  arabic.  When  mixed  with  al' 
cohol,  the  mucus  is  separated  in  white  6ocks,  but  the  liquid 
does  not  become  opake  and  milky  like  mucil^e  of  gum  M*" 
bic  when  mixed  with  alcohol.    Acetate  of  lead  throws  dowi 
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npious  dense  precipitate.  Snperacetate  of  lead  and  oxy- 
aiate  of  till  lender  the  liquid  opake,  and  also  throw  down 
cipitale.  Nitrate  of  mercury  occasions  a  very  slight 
cipitate,  while  muriate  of  gold,  oxy&ulphatc  of  iron  and 
lated  potash  produce  no  sensible  effect  whatever.  No 
a  produced  by  the  infuaiaii  of  uutgalls. 
■Quince  seeds  and  the  root  of  the  hyacinth  yield  a  mucus 
e  same  propertiea  with  some  slight  shades  of  diffe- 
owing  probably  to  the  presence  of  foreign  bodies 
with  it.  The  roots  of  tlie  hyacinth,  vernal  squill, 
hite  lilly,  comfiey  and  salop,  contain  so  much  mucus  that, 
when  dried,  they  may  be  substituted  for  gum  arabie.  The 
leaves  of  the  malva  si/ltestris,  many  of  the  fuci,  and  a  good 
many  of  the  stringy  lichens,  contain  likewise  abundance  of 
mucus.  In  short,  it  is  one  of  the  most  common  of  the  ve- 
getable principles.  Probably  there  are  few  planta  which  do 
not  yield  some  portion  of  it. 


OF  JELLY, 


If  we  press  out  the  juice  of  blackberries,  currants  and 
many  other  fruits,  and  allow  it  to  remain  for  some  lime  in  s 
state  of  rest,  it  coagulates  into  a  tremulous  soft  substance, 
well  known  by  the  name  of  jelly.  When  it  is  washed  with  a 
small  quantity  of  water  and  then  dried,  we  obtain  it  in  a  state 
approaching  to  purity. 

It  is  nearly  colourless,  scarcely  soluble  in  cold  water,  but 
very  soluble  in  hot  water,  and,  when  the  solution  cools,  it 
again  coagulates  into  a  jelly.  When  long  boiled,  it  loses  the 
property  of  gelatinizing,  and  becomes  analogous  to  mucilage. 
When  dried  it  becomes  transparent.     When  distilled  it  yields 
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the  same  products  as  gum.    It  seems  very  mtimatdy  coih 
nected  with  gum;  bat,  as  it  has  never  been  obtained  in  a 
state  of  complete  purity,  we  are  but  imperfectly  acqwuuted  |i 
with  its  properties. 


CHAP-  VIII. 

OF  ULMIN. 

I  give  this  name  to  a  singular  substance  lately  examined 
by  Klaproth.  It  exuded  spontaneously  from  the  trunk  of  a 
species  of  elm,  supposed  to  be  the  ulmus  nigra^  aud  was 
sent  to  Klaproth  from  Palermo  in  1802. 

Externally  it  has  a  good  deal  of  resemblance  to  gum.  It 
is  solidy  hard,  of  a  black  colour,  and  has  considerable  lustie. 
Its  powder  is  brown.  It  dbsolves  readily  in  the  mouth,  and 
has  an  insipid  taste. 

Water  dissolves  it.  The  solution  has  a  brown  colour. 
Though  very  strong,  it  is  not  in  the  least  adhesive  or  ropy,  nor 
does  it  answer  as  a  paste.  It  is  insoluble  in  alcohol  and 
ether,  and  is  partially  precipitated  from  water  by  alcohol. 

When  a  few  drops  of  nitric  acid  are  added  to  the  aqueous 
solution  of  ulmin,  it  becomes  gelatinous,  loses  its  brown  co- 
lour and  a  light  brown  substance  precipitates.  This  precipi- 
tate is  soluble  in  alcohol,  and  possesses  the  properties  of  a 
resin.  Oxy muriatic  acid  produces  nearly  the  same  effect. 
Thus  it  appears  that  ulmin,  by  the  addition  of  a  little  oxy- 
gen, is  converted  into  a  resinous  substance.  This  property 
is  very  singular.  Hitherto  the  volatile  oils  were  the  only 
substances  known  to  assume  the  form  of  resins.  That  a 
substance  soluble  in  water  should  assume  the  resinous  form 
vrith  such  facility  is  very  remarkable. 
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Ulmin  when  burnt  emits  little  smoke  or  flame,  it  leaves  a 
spongy  but  firm  cliarcoal,  which  jields,  when  coDCentrated,  a 
little  carboDiite  of  potash. 


^H  OF    tNULlN. 

I  give  this  name  to  a  substmice  discovered  by  Rose  iu  the 
root  of  the  inula  imleniiim  or  elecampane.  When  the  root 
of  diis  vegetable  was  boiled  in  water,  the  decoction,  after 
standing  some  hours,  deposiles  the  inuli?i  in  the  form  of  a 
white  powder  like  starch. 

It  is  insoluble  in  cold  water.  By  trituration  the  intilin  ia 
uniformly  diffused,  and  gives  the  liquid  an  opal  appearance, 
but  it  soon  falls  down  in  the  state  of  a  white  powder,  leav- 
ing the  liquid  quite  transparent. 

It  dissolves  readily  in  hot  water.  One  part  of  inulin  in 
four  partH  of  boiling  water  formed  a  solution  which  passed 
readily  tJirough  tlie  filter.  After  some  hours  the  greater  part 
of  the  inulin  precipitates  from  the  water  iu  the  form  of  a 
ivbite  powder. 

When  the  aqueous  solution  of  inulin  is  mixed  with  ai^j 
equal  bulk  of  alcohol,  no  change  takes  place  for  some  time^ 
but  the  inulin  soon  separates  and  falls  to  the  bottom  in  the 
state  of  a  bulky  white  powder.  A  solution  of  gum  arabic, 
when  treated  in  this  manner,  remams  milky  for  days  without 
any  precipitate  falling. 

When  thrown  upon  burning  coals  it  melts  as  readily  as  su- 
gar, and  emits  a  iJiJck  white  smoke  not  unpleasantly  pungent, 
Und  similar  in  odour  to  that  of  burning  nugar.  The  residue 
which  is  but  small,  sinks  into  the  coal.  Starch  emits  a  simi- 
hf  smoke,  but  leaves  a  more  bulky  residue.     Wjieu  exposed 
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to  a  red  heat,  iiiuliii  burns  with  a  vivid  flame,  and  leaves  a 
very  small  coaly  residue. 

When  distilled,  inulin  yields  a.  brown  acid  liquid,  buviug 
the  smell  of  pyromucous  acid,  but  not  a  trace  of  oil. 

When  inulin  is  treated  with  nitric  acid,  it  yields  malic  and 
oxalic  acids,  or  acetic  acid  if  too  much  nitric  acid  be  eni- 
ployed.  But  no  saclactic  acid  is  formed  as  happens  with  the 
gums,  neither  is  any  of  the  waxy  matter  separated,  which 
makus  its  appearance  when  starch  is  digested  iu  nitric  acid, 


OF    STAHCU. 

If  a  quantity  of  wheat  flour  be  formed  into  a  paste,  lo9 
then  held  under  a  very  small  stream  of  water,  knedding  coD- 
tinually  till  the  water  runs  off  fr<>m  it  colourless,  the  ioV 
fay  this  process  is  divided  into  two  distinct  constituents,  A 
tOMgh  substance  of  a  dirty  white  colour,  called  gluten,  rP 
mains  in  the  hand ;  the  water  is  at  first  milky  but  soon  depo* 
sites  a  white  powder,  which  is  known  by  the  name  of  starch,. 

llie  starch  obtainctl  by  this  process  is  not  quite  free  from 
gluten.  Hence  it  is  not  very  white,  and  has  not  that  cryjtalr 
lized  appearance  which  distinguishes  the  starch  of  commerce- 
Manufacturers  employ  a  more  economical  and  more  effica- 
cious process.  Wheat  la  steeped  in  water  till  it  gives  out  a 
milky  juice  when  squeezed,  it  is  then  put  into  coarse  linen 
socks  which  arc  subjected  to  pressure  in  a  vessel  of  water 
till  the  whole  starchy  matter  is  separated.  The  sack  and  J" 
contents  are  then  removed.  The'  water  containing  the  starch 
gradually  ferments.  Vinegar  and  alcohol  are  formed  in  i^ 
partly,  no  doubt,  at  the  expence  of  the  starch.  The  vine- 
gar thus  foniicd  dissolves  all  the  impurities,  and  leave*  W^ 
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thing  beliind  but  the  starch.  It  is  pourefl  off,  and  the  starch 
being  edulcorated  with  \vater,  is  dried  with  a  moderate  heat. 
During  the  dryiug,  it  usually  splits  into  columnar  masses, 
which  have  a  coiutiderable  degree  of  regularity. 

Starch  was  welt  known  to  the  ancients.  According  to 
PItny,  the  method  of  manufacturing  it  was  discovered  by  the 
inhabitants  of  Chios. 

Starch  has  a  line  white  colour,  and  is  usually  concreted  in 
four-sided  prisms.  It  has  scarcely  any  smell,  and  very  little 
taste.  When  kept  dry,  it  continues  for  a  long  time  uninju- 
red, though  exposed  to  tlic  air. 

It  does  not  dissolve  in  cold  water,  but  very  soon  falls  to 
powder,  and  forms  a  kind  of  emulsion.  It  dissolves  in  boil- 
ing water,  and  forms  a  kind  of  jelly,  which  may  be  diffused 
through^  boiling  water :  but  when  the  mixture  is  allo^ved  to 
Stand  a  sufficient  time,  the  starch  slowly  {irecipitates  to  the 
bottom.  The  subsidence  takes  place  even  when  90  parts  of 
water  are  employed  to  dissolve  one  of  starch ;  but,  in  that 
case,  aC  least  a  month  elapses  before  the  starch  begins  to 
precipitate.  The  solution  is  glutinous  in  proportion  to  the 
quantity  of  starch.  Linen  dipt  into  it  and  suddenly  drred, 
acquires  a  considerable  degree  of  stiffness.  When  die  solu- 
tion is  evaporated  to  di-ynesa,  a  brittle  opake  mass  is  ubtaiu- 
cd,  dilfering  in  appearance  from  common  starch,  but  exhibit- 
ing nearly  the  same  properties  with  re-agents.  Hence  the 
apparent  difference  is  probably  owing  to  a  portion  of  water 
remaining  united  to  the  boiled  starch.  When  the  solution  of 
starch  is  left  exposed  to  damp  air,  it  soon  loses  its  consisten- 
cy, acquires  an  acid  taste,  and  becomes  mouldy  on  the  sur- 
face. 

Starch  does  not  dissolve,  nor  even  fall  to  powder  in  alco- 
hol.    Nether  does  ft  dissolve  in  ether. 

Neither  oxygt^n  gas  nor  the  simple  combustibles  have  any 
marked  action  on  starch.     The  metals  and  llicir  o:(ides  have 
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little  afUviiXff  for  it.  Acetate  of  lead  throws  it  down  from 
water,  but  the  superacetate  has  no  etFect  upou  it.  Accord- 
ing to  Dr  Bostock,  it  u  precipitated  also  by  oxymiiriate  of 
tin;  but  in  nij  trials,  I  obtained  no  precipitate  with  tliat  salt 
in  a  decoction  containing  oiie-ninctittlti  of  its  weight  of  starch. 
No  other  metallic  salt  tried  produced  a  precipitate  in  this 
decoction. 

Neither  lime  nor  strontian  water  precipitate  the  decoction 
of  starch ;  but  barytes  water  throws  down  a  copious  white 
flaky  precipitate.  It  Is  dissolved  by  muriatic  acid,  but  ap- 
pears again  on  standing,  unless  a  considerable  excess  of  acid 
be  added.  Neither  muriate  of  barytes  nor  silicated  potash 
occasion  any  precipitate  in  the  decoction  of  starch. 

When  starch  is  triturated  tn  a  hot  iufusion  of  nutgalls,  a 
complete  solution  is  effected.  This  solution  is  transparent,  and 
rather  lighter  coloured  than  the  infusion  of  nutgalls  employed. 
When  ibis  solution  cools  it  becomes  opake,  and  a  copious 
curdy  precipitate  falls.  A  heat  of  120"  re-dissolves  this  pre- 
cipitate and  renders  the  solution  transparent,  but  it  is  depo- 
sited again  as  the  liquid  cools.  This  property  is  characteris- 
tic of  starch.  The  infusion  of  nutgalls  throws  it  down  from 
every  solution,  but  the  precipitate  is  re-dissolved  by  heatini; 
the  liquid  to  120°.  The  precipitate  is  a  compound  of  tannin 
and  starch,  and  is  least  soluble  when  composed  of  about 
three  parts  starch  and  two  parts  tannin.  It  has  a  brownish 
yellow  colour,  is  semi-transparent,  has  an  astringent  taste, 
and  feels  gliitionous  between  the  teeth  like  gum. 

When  potash  is  triturated  with  starch  and  a  litde  water  | 
added,  the  whole  assumes,  on  standing,  the  appearance  of  a 
semi-transparent  jelly.  On  adding  water,  an  opal  colouied 
solution  is  obtained,  from  which  the  starch  is  readily  thrown 
down  by  an  acid.  When  muriatic  acid  is  employed,  a  pecu- 
liar aromatic  odour  is  perceived.     Tlie  decoction  of  starfl" 
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a  neittier  allered  bv  potash,  carbonate  of  potash  nor  ammo- 

When  starch  is  thrown  into  any  of  thfi  mineral  acids,  at 
first  no  apparent  change  is  visible ;  but,  if  an  attempt  is  made 
to  reduce  the  larger  pieces,  while  in  acids,  to  powder,  ihey 
resist  it  and  feel  exceedingly  tough  and  adhesive.  Sulphuric 
acid  dissolves  it  slowly,  and  at  the  same  time  a  smell  of  sul- 
phuric acid  is  emitted,  and  such  a  ijuanti^  of  charcoal  evol- 
ved, that  tile  vessel  may  be  inverted  witliont  spilling  any  of 
the  mixture.  Diluted  sulphiuic  acid  dissolves  starch  when 
assisted  by  heat,  and  the  starch  may  be  again  precipitated  by 
means  of  alcohol. 

Diluted  nitric  acid  slowly  dissolves  starch,  the  acid  ac- 
quires a  green  colour,  and  a.  small  portion  of  white  matter 
swims  on  the  surface,  on  which  the  acid  does  not  act.  Al- 
cohol throws  down  the  starch  from  this  solution.  Concen- 
trated nitric  acid  dissolves  starch  pretl^'  rapidly,  assuming  a 
green  colour,  and  emitting  nitrous  gas.  The  solution  is  ne- 
ver complete,  nor  do  any  crystals  of  oxalic  acid  appear  un- 
less heat  be  applied.  In  this  respect  starch  differs  from  su- 
gar, which  yields  oxalic  acid  even  at  the  temperature  of  tlie 
atmosphere.  When  heat  is  applied  to  the  solution  of  starch 
in  nitric  acid,  both  oxalic  and  malic  acids  are  formed,  hut 
the  undissolved  substance  stilt  remains.  When  separated  by 
filtration  and  afterwards  edulcorated,  tliis  substance  has  tlie 
appearance  of  a  thick  oil  not  unlike  tallow  ;  but  it  dissolves 
readily  in  alcohol.  When  distilled,  it  yields  acetic  acid  and 
an  oil  having  the  smell  and  consistence  of  tallow. 

Strong  muriatic  acid  dissolves  starch  slowly  and  ^sithout 
effervescence.  W  hen  the  starch  does  not  exceed  one-twen- 
tieth of  the  acid,  the  solution  is  colourless  and  transparent ; 
but  if  we  continue  to  add  starch,  a  brown  colour  appears, 
and  the  acid  loses  a  portion  of  its  fluidity.  Its  peculiar 
Buiell  is  destroyed  and  replaced  by  the  odour  which  may  be 
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perceived  in  corn  mills.  Acetic  acid  does  not  dissolve  stvdi. 
The  action  of  the  other  acids  has  not  been  tried. 

Alcc^ol  separates  starch  in  part  from  its  decoction.  A 
solution  of  potash  in  alcohol  occasions  a  copious  white  pre^ 
cipitatCy  which  is  re-dissolved  on  adding  a  sufficient  quantity 
of  water.  A  solution  of  sulphuret  of  potash  in  alcohol  oc- 
casions a  flaky  precipitate  in  the  decoction  of  starch.  This 
precipitate  has  sometimes  an  orange  colour. 

When  starch  is  thrown  upon  a  hot  iron  it  melts,  blackens, 
frothes,  swells  and  bums  with.a  bright  flame  like  sugar,  emit- 
ting, at  the  same  time,  a  great  deal  of  smoke ;  but  it  does 
not  explode,  nor  has  it  the  caromel  smell  which  distii^;uisfaes 
burning  sugar.  When  distilled  it  yields  water  impregnated 
with  an  acid  supposed  to  be  the  pytomucous,  a  little  empy- 
reumatic  oil,  and  a  great  deal  of  carbonic  acid  and  heavy  in- 
flammable air.  The  charcoal  which  it  leaves  bums  eaaly 
when  kindled  in  the  open  air,  and  leaves  very  little  ashes. 

Starch  is  contained  in  a  great  variety  of  vegetable  sub- 
stances ;  most  commonly  in  their  seeds  or  bulbous  roots,  but 
sometimes  also  in  other  parts.  All  the  difierent  species  of 
com  contain  a  great  proportion  of  it.  There  are  obviou^y 
different  varieties  of  starch  possessing  distinct  properties. 
But  hitherto  these  varieties  have  not  been  examined  with 
such  attention  as  to  enable  us  to  give  a  detailed  description 
of  each. 


CHAP.  XI. 

OF    INDIGO. 


This  valuable  pigment,  one  of  the  capital  manufactures  of 
America,  is  obtained  from  the  leaves  of  different  species  of 
plants :  the  indigo/era  argentea  or  mid  indigo,  the  indigofc 
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ra  ditpernut  or  Guatimala  indigo,  and  the  indigo/era  tinclona 
or  French  indigo,  which  yields  the  greatest  quantity  of  indi- 
go, and  18  therefore  preferred  by  the  planter,  though  its  qua- 
litj  is  said  to  be  inferior  to  tliat  of  the  indigo  obtained  from 
the  two  first  species.  In  the  West  Indies  the  seeds  are  sown 
in  March,  in  trenches  about  a  foot  asunder,  and  the  plane 
comes  into  blossom,  and  is  fit  for  cutting  down  in  May.  But 
in  South  America,  six  months  elapse  before  it  can  be  cut. 
Li  the  West  Indies  four  cuttings  are  often  obtained  from  the 
same  plant  in  tlie  course  of  a  year ;  but  in  America,  never 
more  than  two,  and  often  only  one.  The  produce  constant- 
ly diminishes  after  the  first  cutting,  so  that  it  is  necessary  to 
renew  the  plants  for  seed  every  year. 

I^e  plants  are  cut  down  with  sickles,  and  laid  in  strata  in 
the  steeperx\l\  it  is  about  three  parts  full.  This  is  a  lare^e 
cistern  of  wood  or  mason  work  about  lt>  feet  square.  Here 
they  are  pressed  down  with  plunks,  and  loaded  to  prevent 
them  from  swimming,  and  covered  with  water  to  the  height 
of  four  or  five  inches.  Here  they  ferment,  and  the  utmost 
attention  is  required  to  the  process.  If  they  be  allowed  to 
remain  too  long,  llie  pigment  is  spoiled  ;  and  if  the  water  be 
drawn  off  too  soon,  niiich  of  the  indigo  is  lost.  The  tempe- 
rature of  SO"  is  said  to  answer  beat.  The  water  ac<)uires  a 
green  colour,  a  smell  resembling  that  of  ammonia  is  exhaled, 
and  bubbles  of  carbonic  acid  are  emitted.  When  the  fer- 
mentation has  contiiuied  long  enough,  the  liquor  is  let  out 
iitlo  a  second  cistern,  placed  lower  than  the  first;  this  cis- 
tern is  called  the  Oallery,  and  is  commonly  about  IS  feel 
square,  and  four  and  a  half  deep.  Here  it  is  agitated  for  15 
or  20  miiiutea,  by  means  of  levers  driven  by  machinery,  till 
the  flocciili  beginning  to  separate  give  it  a  curdled  ap- 
pearance. A  quantity  of  lime-water  is  now  poured  in,  and 
the  blue  flocculi  are  allowed  to  subside.  The  water  is  ihen 
drawn  ofT,  and  the  pigment  put  to  be  drained  in  small  linen 
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bags,  after  which  it  is  put  into  little  square  boxes,  and  al- 
lowed to  dry  hi  the  shade. 

Chevreul  has  shown  that  the  indigo  exists  in  the  plant 
chiefly  in  the  state  of  a  white  matter,  which  becomes  blue 
when  it  combines  with  oxygen.  Indigo  may  be  obtained 
also  from  other  plants,  the  fierium  tinctorium  for  example, 
and  the  isatis  tinctoria,  or  twadf  a  plant  common  enough  in 
Britain. '  But  the  quantity  'obtained  from  this  plant  does 
not  exceed  one-tenth  of  what  may  be  procured  from  the  in- 
digofera. 

Indigo  is  a  fine  light  friable  substance  of  a  deep  blue  co- 
lour. Its  texture  is  very  compact,  and  the  shade  of  its  sur- 
face varies  according  to  the  manner  in  which  it  has  bead  pre- 
pared. The  principal  tints  are  copper,  violet  and  blue.  The 
lightest  indigo  is  the  best ;  but  it  is  always  mixed  ^vitfa  fo- 
reign substances ;  scarcely  one  half  even  of  the  best  indigo 
of  commerce  consisting  of  the  pure  pigment,  The  follow- 
ing substances  were  extracted  by  Chevreul  from  100  parts  of 
Guatimala  indigo.  » 

Ammonia,  a' trace 
Disoxygenized  indigo       ,     .     .     .     12 

Green  matter    . ^0 

Bitter  matter,  a  trace 

Red  matter 6 

Carbonate  of  lime S 

Oxide  of  iron  and  alumina     ...     2 

Silica 3 

Pure  indigo 45 


100 
Pure  indigo  has  neither  taste  nor  smell.     It  is  insoluble  i» 
water  in  its  usual  state,  but  disoxygenized  indigo  is  soluble 
in  that  liquid,  as  are  likewise  some  of  the  foreign  bodies 
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with  which  indigs  ia  usually  mixed.  When  heated,  indigo 
subliniea  in  a  purple  smoke,  and  may  be  obtained  unaltered 
crystallized  in  needles.  Tliis  purple  smoke  is  characteristic 
of  indigo. 

Neither  oxygen  nor  the  simple  combustible  have  any  ac- 
tion on  common  indigo  ;  but  disoxygenized  indigo  readily 
combines  with  oxygen,  wid  may  be  separated  agaiu  from  it 
without  decomposition.  In  this  respect  it  differs  from  almost 
all  other  vegetable  substances,  and  approaches  the  proper- 
lies  of  the  simple  combustibles  and  metals. 

The  fixed  alkaline  solutions  have  uo  effect  upon  indigo, 
escept  it  be  newly  precipitated  from  a  state  of  solution.  In 
that  case  they  dissolve  it  with  facility.  'I'he  solution  has  at 
linjt  a  green  colour,  which  gradually  disappears,  and  the  na- 
tural colour  of  the  indigo  cannot  be  a<!ain  restored.  Hence 
we  see  that  the  alkalies  when  concentrated  decompose 
iadigo.  Pure  liquid  ammonia  acts  in  the  same  way.  Kven 
carbonate  of  ammonia  dissolves  precipitated  indigo,  and  de- 
stroys its  colour. 

Lime  viater  has  scarcely  any  effect  upon  indigo  in  its 
usual  state,  but  it  dissolves  precipitated  indigo.  The  solu- 
tion is  at  first  green,  but  it  becomes  gradually  yellow. 

When  diluted  sulphuric  acid  is  digested  over  indigo,  it 
produces  no  effect  except  that  of  dissolving  the  impurities; 
but  concentrated  sulphuric  acid  dissolves  it  readily.  One 
part  of  indigo,  when  mixed  with  eight  parts  of  sulphuric  acid, 
evolves  heat,  and  is  dissolved  in  24  hours.  The  solution  of 
indigo  is  well  known  in  this  country  by  the  name  of  liquid 
blue.  Bancroft  calls  it  sulphate  of  iiidigo.  While  concen- 
trated, it  is  opaque  and  black  ;  but  when  diluted,  it  assumes 
a  fine  deep  blue  colour,  and  its  intensity  is  such,  that  a  single 
drop  of  the  concentrated  sulphate  is  aufScjent  to  give  a  blue 
colour  to  many  pounds  of  water.     Bei^mun  ascertained  the 
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effect  or  different  reagents  on  this  solution  v^ith  great  pre- 
cision. His  experiments  threw  light^  not  only  on  the  pro- 
pe^^es  of  indigo^  but  upon  the  phenomena  that  take  place 
when  it  is  used  as  a  dye-stuff. 

From  his  experiments,  it  is  obvious  that  all  those  substan- 
ces which  have  a  very  strong  aflinity  for  oxyg^i  give  a  green 
colour  to  indigo,  and  at  last  destroy  it.  Henceitis  extreme* 
ly  probable,  that  indigo  becomes  green  by  givii^  out  oxy- 
gen. Of  course  it  owes  its  blue  colour  to  that  princif4er 
This  theory  was  first  suggested  by  Mr  Haussman,  and  still 
fardier  confirmed  by  BerdioUet.  Now  it  is  only  when  green 
that  it  is  in  a  state  capable  of  being  held  in  soluttcmbyJime, 
alkalies,  &c.  in  which  state  it  is  applied  as  a  dye  to  clofii^ 
The  clodi,  when  dipt  into  the  vat  containing  it  thus  Assolv* 
ed,  combines  with  it,  and  the  bine  colour  is  restored  by  ex- 
posure to  the  atmosphere.  It  may  be  restored  equally  by 
plunging  the  cloth  into  oxymuriatic  acid.  Hence  the  resto- 
ration cannot^but  be  ascribed  to  oxygen.  Hence  then  the 
reason  that  sulphurous  acid,  the  vegetable  acids,  sulphate  of 
iron,  give  sulphate  of  indigo  a  green  colour. 

From  these  experiments,  we  see  also  that  the  colour  of 
indigo  is  destroyed  by  the  addition  of  those  substances  which 
part  with  oxygen  verj'  readily,  as  the  black  oxide  of  manga- 
nese. In  that  case  the\  indigo  is  destroyed,  for  its  colour 
cannot  be  again  restored.  When  the  sulphate  of  indigo  is 
poured  into  boiling  water,  it  affords  a  green-coloured  solu- 
tion ;  but  with  cold  water  a  deep  blue  solution.  What  is 
called  smoking  sulphuric  acid  dissolves  indigo  much  more 
readily  than  the  pure  acid,  and  evolves  much  more  heat  dur- 
ing die  solution.  Bucholz  has  shown,  that  by  boiling  sul- 
phur in  pure  sulphuric  ^cid,  it  acquires  the  property  of  db- 
solving  indigo  as  xeadily  as  the  snioking  acid. 

Nitric  acid  attacks  indigo  with  great  violence ;  the  evolu-  - 
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■ion  of  the  abundance  of  beat  aud  nitrous  gas.  When  of  the 
npeciiic  gravity  1-52,  it  even  sets  fire  to  indigo.  When  the 
acid  is  diluted,  liie  action  is  still  violent,  unless  the  propor- 
tion of  water  be  considerable.  Mr  Hatctiett  poured  upon 
100  grains  of  indigo  an  ounce  of  nitric  acid  diluted  with  an 
equal  quantity  of  water.  'Die  action  was  so  rapid,  that  he 
found  it  necessai'y  to  add  another  ounce  of  water.  AV  hen  the 
effervescence  had  nearly  subsided,  ihe  liquid  was  placed  on 
a  sand  bath  for  some  day!),  and  evaporated  to  dryness.  Water 
{Mured  upon  the  residuum  dissolved  a  considerable  portion 
of  it,  and  formed  a  beautiful  deep  yellow  solution  of  an  in- 
tense bitter  taste.  Tiiis  solution  contains  only  a  very  small 
portion  of  oxalic  acid ;  but  with  a  solution  of  isinglass  it 
forms  a  copious  yellow  insoluble  precipitate,  and  of  course 
contains  a  portion  of  artificial  tanuiii.  With  ammonia  crys- 
tals precipitate,  consisting  of  bitter  principle  combined  with 
aiiuuonia. 

When  foty  parts  of  nitric  acid  are  boiled  upon  one  part  of 
indigo,  the  pigment  soon  loses  its  colour,  and  is  dissolved. 
The  solution  becomes  yellow,  and  a  thin  layer  of  a  resinous 
matter  appears  ou  tlie  surface.  If  the  process  be  now  stopt, 
the  resinous  matter  becomes  thin  by  cooling.  If  this  matter 
be  removed,  and  the  solution  evaporated  to  the  consistence 
of  honey,  rcdissolved  in  hot  water  and  filtered,  potash  throws 
down  yellow  spicular  ajstals,  consisting  of  litter  principle 
combined  with  potash.  These  crystals  have  the  curious  pro- 
perty of  detonatibg  with  a  purple  light  when  wrapt  up  in  pa- 
per and  struck  witli  a  hammer ;  the  resin,  by  treating  it  with 
fresh  nitric  acid,  may  be  converted  into  the  same  bitter  prin- 
ciple. If  the  process  be  stopt  sooner  tlian  the  point  men- 
tioned above,  yellow  crystals  are  obtaiued,  which  arc  more 
soluble  in  water,  and  which  sublime  in  white  ueedles,  hav- 
^ig  all  die  properties  of  benzoic  acid. 
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Muriatic  acid  does  not  act  upon  indigo  in  its  coi 
nion  state^  but  it  readily  dissolves  indigo  precipitated  fim] 
the  sulphate,  and  forms  a  blue  coloured  solution.     Thei 
phenomena  are  exhibited  by  the  phosphoric,  acetic,  tartak 
acids,  and  probably  by  all  except  the  acid  supporters. 

Oxymuriatic  acid  destroys  the  colour  of  indigo  as  reaSf 
as  nitric  acid,  and  obviously  for.  the  same  reason. 

Alcohol  dissolves  a  small  portion  of  indigo,  but  it  grado- 
ally  precipitates  again  unless  red  matter  be  present^  in  wtidi 
case  the  solution  is  permanent. 

Indigo  is  not  acted  upon  by  ether  or  pils^  at  least  if  Ae 
experiments  of  B<ergman  be  accurate. 

When  indigo  is  mixed  with  bran,  woad^  and  other  similar 
substances  which  readily  undergo  fermentation,  it  assumes  • 
green  colour  during  the  fermentation,  and  is  then  easily  dil* 
solved  by  lime  or  potash.  It  is  by<  this  process  that  it  ii 
usually  rendered  proper  for  dyeing. 


CHAPTER  XII. 


OF  GLUTEN. 


If  wheat-flour  be  kneaded  into  paste  with  a  little  water, 
it  forms  a  tenacious  elastic,  soft,  ductile  mass.  This  is  to  be 
washed  cautiously,  by  kneading  it  under  a  small  jet  of  water 
till  the  water  no  longer  carries  off  any  thing,  but  runs  off  co- 
lourless ;  what  remains  behind  is  ealled  gluten.  It  was  dis- 
covered by  Beccaria,  an  Italian  philosopher,  to  whom  we 
are  indebted  for  the  first  analysis  of  wheat-flour. 

Gluten,  when  thus  obtained,  is  of  a  grey  colour^  exceed- 
ingly tenacious,  ductile,  and  elastic,  and  may  be  extended  to 
twenty  times  its  original  length.  When  very  thin,  it  is  of  a 
whitish  colour,  and  has  a  good  deal  of  resemblance  to  animal 
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tendon  or  memhraiifi.     Its  smell  is  peculiar.     It  has  ■^'■arce 
any  laste,  and  does  not  lose  its  tenarjty  in  the  mouth. 

When  exposed  to  the  air,  it  gradually  dries;  and  when 
Completely  drj*,  it  is  prelty  hard,  brittle,  slightly  tninspa- 
rcDt,  of  a  dark  brown  colour,  and  lias  some  resemblance  to 

Fresh  gluten  imbibes  water,  and  retains  a  certain  quantity 
of  it  with  great  obstinacy.  To  this  water  it  owes  its  elasti- 
ci^  and  tenacity.  When  boiled  in  water  it  loses  both  these 
jjfoperties. 

When  fresh  gluten  is  macerated  for  a  considerable  lime 
in  cold  water,  the  liquid  becomes  opaque,  and  contains  small 
films  suspended,  which  do  not  soon  subside.  By  repeated 
liltrations  it  becomes  transpareut ;  but  it  holds  in  solution 
gluten,  which  renders  it  frothy,  and  gives  it  the  property  of 
precipitating  when  mixed  with  oxymuriatic  acid  or  the  infii- 
jion  of  nutgalls.  Thus  gluten  is  to  a  certain  extent  soluble 
itt  cold  water.  When  the  water  is  heated,  the  gluten  sepa- 
rates in  the  state  of  yellow  flakes. 

When  kept  moist,  it  very  soon  begins  to  decompose,  and 
to  undergo  a  speciss  of  fermentation.  It  swells,  and  emits 
*ir-bobbles,  which  Prousi  has  ascertained  to  consist  of  hy- 
<lragen  and  carbonic  acid  gases.  It  emits  also  a  vei^  offen- 
sive odour,  similar  to  what  is  emitted  by  putre^ing  animal 
iiodies.  Cadet  kept  gluten  in  a  vessel  for  a  week  in  a 
damp  room.  Its  surface  became  covered  with  byssi,  the  fer- 
mentation just  mentioned  had  commenced,  and  tlie  odour  waa 
tiLstinctly  acid.  In  24  daj's,  on  removing  the  upper  crust, 
'he  gluten  was  found  converted  into  a  kind  of  paste,  of  a 
grejish  white  colour,  not  unlike  bird-lime.  In  that  slate  he 
gave  it  the  name  ofye/vnc/i/edg/rtfeH.  It  the  gluten  be  still  left 
to  itself,  it  gradually  acquires  die  smell  and  the  taste  of  cAeecf. 
^^3  curious  fact  was  first  ascertained  by  Rouelle  junior.     In 
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that  State  it  is  full  of  holes,  and 


the 


very  samejuwci 


which  distiiigiiiah  some  kiiid^  of  cheese.  Proust  ascertuned 
that  it  contains  ammonia  and  vinegar ;  bodies  which  Vut- 
quetin  detected  in  cheese ;  and  ammonia  robs  both  equallj'  of 
ibeir  smell  and  flavour. 

Fresh  gluten  docs  not  sensibly  dissolve  in  alcohol,  whidi 
even  throws  down  fresli  gluten  from  water ;  yet  in  certun 
cases  this  liquid  forms  a  solution  of  gluten  iu  very  small  pro- 
portion. 

When  theyermenferf  gluten  of  Cailet  is  triturated  with  a 
little  alcohol  into  a  mucilage,  and  then  mixed  with  a  sufB- 
cient  quantity  of  that  liquid,  a  jwrtionof  it  is  dissolved.  This 
solution  constitutes  an  excellent  varnish,  possessed  of  consi- 
denble  elasticity.  It  may  be  spread  over  paper  or  wood ; 
and  when  dry  resists  other  bodies,  as  well  as  most  vaniisfaei. 
In  this  slate,  too,  it  may  be  employed  to  cement  china;  snd 
triturated  v^■ith  paints,  especially  vegetable  colours,  it  fonmi 
very  good  ground.  When  this  solution  is  mixed  with  a  suf* 
ficieut  quantity  of  iime,  it  forms  a  very  good  lute  ;  and  bits 
of  linen  dipt  iu  it  adhere  very  strongly  to  other  bodies. 

Ether  does  does  not  sensibly  dissolve  gluten. 

Acids  act  upon  gluten  differently  according  to  the  peculiar 
properties  of  each. 

Concentrated  acetic  acid  dissolves  it  readily  in  connderable 
quantity,  and  without  altering  its  nature.  TTie  solution  is 
muddy,  but  permanent;  and  the  gluten  maybe  thrown  do^vn 
by  means  of  alkalies.  This  acid  dissolves  tlie  fenneoted glu- 
ten of  Cadet;  and  the  solution  may  be  aubslitutedfortiiesff- 
Iiition  io  alcohol  us  a  vamiiJi ;  but  it  does  not  answer  to  mil 
it  with  colours. 

Concentrated  sulphuric  acid  renders  it  violet  coloured, 
and  at  last  black ;  inflammable  air  escapes,  and  charcosli 
water,  and  a  portion  of  ammonia,  are  formed.     When  luin* 
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l  b  poured  on  it,  and  heat  appliecl,  there  is  a  quantity 

SOtic  gas  emitted,  and  by  continuing  the  heat,  some  little 

nc  acid  is  formed,  and  likewiiie  malic  acid,  while  a  num- 

r  of  yellow-coloured  oily  flakes  make  their  appearance  in 

be  solution. 

Muriatic  acid  dissolves  gluten  with  facility  when  its  action 
s  assisted  by  heat.  When  gluten  is  placed  in  oxjmuriatic 
icid  it  softeiis,  and  seems  to  dissolve,  but  soon  coagulates 
i^ain  into  yellow -coloured  flakes,  which  become  trdnsparent 
Utd  greenish  coloured  by  drying.  When  heated,  they  exhale 
>^muriatic  acid,  and  assume  the  appearance  of  common 
g;luten.  'ITiis  acid  has  the  properly  of  precipitating  gluten 
^m  water  in  the  slate  of  yellowish  wliite  flakes. 

Alkahes  dissolve  gluten  when  they  are  aiisisted  by  heat. 
The  solution  is  never  perfectly  transparent.  Acids  precipi- 
tate the  gluten  from  alkalies,  but  it  ts  destitute  of  its  elasti- 
city. Alkalies,  when  much  concentrated,  form  witli  it  a  kind 
«f  soap,  convertmg  it  into  oil  and  ammonia ;  which  last  ii 
^iissipated  dming  the  trituration. 

Gluten  is  precipitated  from  water,  and  from  some  of  in 
other  solutions,  by  the  infusion  of  nutgalls.  Thu  colour  of 
the  precipitate  is  usually  yellowish  brown,  and  it  does  not 
dissolve  though  the  solution  be  heated. 

When  moist  gluten  is  suddenly  dried,  it  swells  amazingly. 
Dry  gluten,  when  exposed  to  heat,  cracks,  swells,  melts, 
blackens,  esliales  a  fetid  odour,  and  burns  precisely  like  fea- 
thers or  horn.  When  distilled,  there  come  over  water  im- 
pregnated with  ammonia  and  an  empyreumatic  oil;  the  char- 
coal which  remains  is  with  difficulty  reduced  to  ashes. 
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AlbiiiueD  is  the  term  by  which  chenilsls  have  agreed 
denote  the  niiite  of  egg,  and  all  glary  tasteless  sul 
which,  like  it,  have  the  property  of  coagulating  into  a  whiBj 
opaque,  tough,  solid  substance,  when  healed  a  little 
the  boiling  point.  This  substance  forms  a  constituent  H 
many  of  the  fluids  of  animal  bodies ;  and  when  coagulata| 
it  constitutes  also  an  important  part  of  llieir  solids.  Sulh 
stances  analogous  to  it  had  been  uoticed  b^  chemists  in  llri 
vegetable  kingdom.  Schcele  affirmed,  as  early  as  1780,  tW 
the  greater  number  of  plants  contained  a  substance  aiial(^0W 
to  curd.  Fourcroy,  about  the  year  179O,  announced  the 
istence  of  albumen  in  a  variety  of  plants ;  but  Proust 
since  shown,  that  tlie  substauee  which  he  took  for  albumo^ 
and  which  had  been  already  examined  by  Rouelle, 
not  possessed  of  the  properties  which  characterise  that 
mal  matter.  But  Vauquelin  has  lately  discovered  albuma 
in  ahuudance  in  the  juice  of  tlie  papaw  tree;  so  that  its  e 
iitence  as  a  vegetable  principle  cannot  be  disputed. 

Tbn  papaw  tree,  the  canca- papaya  of  botanists,  growti 
Peru,  &c.  and  in  the  I'-lc  of  France,  where  the  milky  jnil 
that  exudes  from  it  is  said  to  be  emj^ojcd  wid  ^c« 
against  ^\e  Guinea  ic^orm.  Two  specimens  of  this  juice  WB 
hrougUt  from  that  island  to  Faria  by  Charpentier  de  Coi< 
gny.  In  the  one,  the  Juice  had  been  evaporated  to  diynO 
ajd  was  in  the  state  of  au  extract ;  in  the  other,  the  ji 
was  preserved  by  being  mixed  with  an  equal  bulk  of  nPi 
Both  were  subjected  to  a  chemical  analysis  by  VauquA 
'file  iirst  was  of  a  yellowish  while  colour,  and  seniitranip* 


Its  taste  was  sweetish.  It  had  no  smell,  and  was 
^STetty  solid ;  but  attracted  moisture  when  kept  in  a  damp 
K»lace.  The  second  was  reddish  brown,  and  had  the  smell 
^■.nd  taste  of  boiled  beef.  When  the  fiint  specimen  was  ma- 
«=«ratfd  in  cold  water,  the  greatest  part  of  it  dissolved.  The 
^>«luiion  frothed  with  soap.  'ITje  addition  of  nitric  acid  co- 
3E>.gulated  it,  and  rendered  it  white;  and  when  boiled,  it  threw 
^own  abundance  of  white  AaLes.  Tliese  flakes  were  coagu- 
lated albumen. 

Other  specimens  of  this  juice,  both  in  the  liquid  and  dried 
4Iate,  have  been  examined  more  recently  by  Vauquelin,  and 
likewise  by  Cadet. 

Tile  essential  characters  of  albtunen  are  the  followii^ : 
In  its  natural  state  it  is  soluble  in  water,  and  forms  a  gla- 
ty  limpid  liquid,  having  very  little  taste ;  which  may  be  em- 
ployed as  a  paste,  and  which  fomi.s  a  very  shining  varnish. 

The  solution  is  coagulated  by  acids,  pretty  much  in  the 
-ame  way  as  milk  is  coagulated  by  die  same  re-agents. 
■    \\'hen  not  loo  much  diluted,  it  is  coagulated  also  when 
heated  lo  the  temperature  of  WO*- 

Albumen  dissolved  in  water  is  precipitated  in  llie  state  of 
brown  flakes  by  the  infusion  of  tan. 

The  solution  is  equally  coagulated  when  mixed  with  alco- 
hol. 

Albumen  is  |>recipitated  from  water  in  the  state  of  white 
powder  by  the  salts  of  most  of  the  ^vhite  metals ;  such  as  sil- 
ver, mercury,  lead,  tin,  &c. 

The  juice  of  the  papaw  possessed  all  these,  properties.  It 
therefore  contained  albumen.  In  few  other  vegetable  pro- 
ductions has  this  substance  been  yet  found  in  such  abundance, 
or  in  a  state  in  v\hich  its  properties  weie  so  decidedly  cha- 
racteristic; but  llie  resemblance  between  the  curd  uf  milk 
aiid  albumen  is  very  close,  as  we  shall  see  afterwards.  Now 
Pronst  has  ascertained  that  almonds,  and  other  similar  kcr- 
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nels  from  \vhich  emulsions  are  made^  contain  a 
which  has  the  properties  of  curd. 

Albumen^  when  burnt,  emits  ammonia ;  and  when 
with  nitric  acid,  yields  azotic  gas.  It  evidently,  then,  ctt-l 
tains  azote.  But  as  it  is  more  properly  an  animal  than  a  fe*| 
getable  substance,  I  shall  defer  giving  any  farther  account  i\ 

» 

its  properties  till  I  come  to  treat  of  animal  bodies. 


CHAP.  XIV. 

OF  FIBRIN. 

That  peculiar  substance  which  constitutes  the  fibrous  part 
of  the  muscles  of  animals  has  been  cniledjibrin  b^chemists. 
A  substance  resembling  it,  as  it  exists  in  the  bloody  has  been 
detected  by  Vauquelin  in  the  juice  of  the  papaw  tree;  Ac 
same  juice  which  contained  albumen  in  such  plenty.  Fibrin 
then  nmst  be  ranked  among  vegetable  substances. 

When  the  juiee  of  the  papaw  is  treated  widi  water,  the 
greatest  part  dissolves ;  but  there  remains  a  substance  insolu- 
luble,  which  has  a  greasy  appearance.  It  softens  in  thfe  air, 
and  becomes  viscid,  brown  and  semitransparent.  When 
thrown  on  burning  ooals  it  melted,  let  drops  of  grease  exude, 
emitted  the  noise  of  meat  roasting,  and  produced  a  smoke 
which  had  the  odour  of  fat  volatilized.  It  left  behind  it  no 
residue.  This  substance  was  the  fibrin.  The  resanbiance 
between  the  juice  of  the  papaw  and  animal  matter  is  so  close, 
that  one  would  be  tempted  to  suspect  some  impo^Uon,  were 
pot  the  evidence  that  it  is  really  the  juice  of  a  tree  quite  un- 
exceptionable. 

The  properties  of  fibrin  are  the  following : 

1.  It  is  tasteless,  fibrous,  elastic,  and  resembles  gluten. 

2.  It  is  msoluble  in  water  and  in  alcohol. 
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^  3.  It  is  Bet  dissolved  by  diluted  alkalies. 
.  But  acids  dissolve  it  without  difficulty. 
B  5,  With  nitric  acid  it  gives  out  much  azotic  gas. 
T  G.  Wheu  distilled  it  yields  much  carbonate  of  ammonia 
bdoil. 

.  It  soou  putrefies  when  kept  moist,  becomes  green ;  bul 
s  not  acquire  any  resemblance  to  cheese. 


OF  THE  BITTER  PRINCIPLE. 

I  Many  vegetable  substances  have  an  intensely  bitter  taste, 
I  on  that  account  are  employed  in  medicine,  by  brewers, 
This  is  the  case  with  the  wood  of  the  quassia  amara 
I  excefsa,  the  common  quassia  of  the  shops ;  with  the 
8  of  the  geiitiana  lutea,  common  gentian ;  the  leaves  of 
B  kiimulits  lupulus,  or  hop;  the  bark  and  wood  of  ^e  spar- 
1  scoparium  or  common  broom;  the  flowers  and  leaves 
e  anlhemjs  nobHis  or  chamomile;  and  many  other  sub- 
ices.  Some  of  these  bodies  owe  their  bitter  taste  to  the 
sence  of  a  peculiar  vegetable  substance  differing  from 
every  other,  which  may  be  distinguished  by  the  name  of  the 
bitter  principle. 

No  chemical  examination  of  this  Gubstance  has  been  hi- 
tlierto  published ;  nor  indeed  are  we  in  possession  of  any 
method  of  separating  it  from  other  bodies,  or  of  ascertain- 
ing its  presence.  At  the  same  time  it  cannot  be  doubted 
that  it  possesses  peculiar  characters ;  and  its  action  oa  the 
■  aniuial  economy  renders  it  an  object  of  importance. 

I.  Wheu  water  is  digested  over  quassia  for  some  time,  it 
acquires  an  intensely  bitter  taste  and  a  yellow  colour,  but 
DO  smell.    When  water  thus  impregnated  is  evaporated  to 
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dryness  in  a  low  heat,,  it  leaves  a  brownishryellow  soV 
stance,  v(^hich  retains  a  certain  degree  of  transparency.  It 
continues  ductile  for  some  time,  but  at  last  becomes  brittle* 
This  substance  I  shall  consider  as  the  bitter  principle  in  a 
state  of  purity.  If  it  contain  any  foreign  body,  it  must  be 
in  a  very  minute  proportion  This  substance  I  find  to  pos- 
sess the  following  properties :  • 

I .  Its  taste  is  intensely  bitter.     Colour  brownish  yellew.  • 
£.  When  heated,  it  softens,  and  swells,  and  blackens ;  iheD 

bums  away  without  flaming  much,  and  leaves  a  small  quaih 
tity  of  ashes.  • 

3.  Very  soluble  in  water' and  alcohol. 

4.  Does  not  alter  the  colour  of  infusion  of  litmus. 

5*  Lime-water,  barytes-water,  and  strontian-water,  occa- 
sion no  precipitate.  Neither  is  any  precipitate  tfarowa 
down  by  silicated  potash,  aluminated  potash,  or  sulphate 
of  magnesia. 

6.  The  alkalies  occasion  no  change  in  the  diluted  sdx^ 
tion  of  die  bitter  principle. 

7.  Oxalate  of  ammonia  occasions  no  precipitate. 

8.  Nitrate  of  silver  renders  the  solution  muddy,  aod« 
very  soft  flaky  yellow  precipitate  falls  slowly  to  the  bottom. 

9.  Neither  corrosive  sublimate  nor  nitrate  of  mercury  oc- 
casion any  precipitate. 

10.  Nitrate  of  copper,  and  the  ammonial  solution  of 
copper,  produce  no  change ;  but  muriate  of  copper  gives 
the  white  precipitate,  which  falls  when  this  liquid  sdt  is 
dropt  into  water. 

I I .  Sulphate  and  oxymuriate  of  iron  occasion  no  change. 
12.  Muriate  of  tin  renders   the  solution  muddy,  butgc- 

casions  no  precipitate,  unless  the  solution  be  conceRtratedj 
in  that  case  a  copiouS  precipitate  falls. 

Iv^.  Acetate  of  lead  occasions  a  very  copious  white  pr^ 
cipltate ;  but  the  nitrate  of  lead  produces  no  change. 
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1 4.  Mimate  of  zinc  occasions  no  change. 

15.  Nitrate  of  bismuth  produces  no  change,  tliough 
-when  tlie  salt  la  dropt  into  pure  water  a  copious  white  pre- 
cipitate appears. 

Ifi,  Tartar  emetic  produces  no  change  ;  but  ■when  the 
muriate  of  antimony  is  used,  the  white  precipitate  appears, 
which  always  falls  when  this  salt  is  drupt  into  pure  water. 

17-  Aluriate  and  arseniate  of  cobalt  occasion  no  change. 

IS.  Arseniate  of  potash  produces  no  effect. 

If).  Tincture  of  nutgalls,  infusion  of  nutgalls,  gallic  ae id, 
occasion  no  effect.  • 

Tliese  properties  are  sufficient  to  convince  us  that  the 
bitter  principle  is  a  substance  differing  considerably  from  alt 
the  other  vegetable  principles.  The  little  effect  ef  the  dif- 
ferent re-i^ents  is  remarkable.  Nitrate  of  silver  and  ace- 
tate of  lead  are  the  only  two  bodies  which  throw  it  down. 
This  precipitation  cannot  be  ascribed  to  the  presence  of  mu- 
riatic acid  i  for  if  muriatic  acid  were  present,  nitrate  of  lead 
would  also  be  thrown  down. 

II.  Besides  this  purest  species  of  bitter  principle,  il  in 
probable  that  several  others  exist  in  die  vegetable  kin-^'-lMm 
gradually  approaching  by  their  qualities  to  the  nature  of  nr- 
lijieial  laiiiiiit.  The  second  species  is  distinguished  from 
the  preceding,  by  the  property  which  il  has  of  striking  a 
green  colour  with  iron,  and  of  precipitating  that  metal 
from  concentrated  solutions.  Mr  Cheoevix  separated  a 
portion  of  il  from  coffee  by  the  following  process  :  lie  di- 
gested unburnt  coffee  in  water,  and  filtered  the  liquid.  It 
wai  then  treated  with ' muriate  of  tin.  The  jirecipitale  was 
edulcorated,  mixed  with  \^ater,  and  treated  ivith  sulphureted 
hydrogen  gas.  The  tin  «as  thus  i)reci  pita  led,  and  tiic  sitb- 
Ktance  with  which  it  had  been  combined  was  dissolved  by  . 
the  water,     The   liquid  was  then  evaporated   to   drynew. 
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The  substance  thus  obtained  possessed  the  following  pro- 
perties : 

1.  Semitraiisparent  like  horn^  and  of  a  yellow  colour. 

Q,  When  exposed  to  the  air  it  does  not  attract  moistare. 

S.  Soluble  in  water  and  in  alcohol.  The  solution  in  wi« 
ter  is  semitransparent^  and  has  a  pleasant  bitter  taste.  What 
the  alkaline  solutions  are  dropt  into  it,  tbe  colour  becomes 
garnet  red. 

4.  It  is  not  precipitated  from  water  by  the  alkafine  ca^ 
bonates.  Sulphuric  acid  renders  the  solution  brown,  ht 
produces  no  further  change.  Neither  muriatic  acidy  ooF 
phosphoric  acid^  nor  the  vegetable  acids,  produce  any  change 
on  tills  solution. 

5.  The  muriates  of  gold,  platinum,  and  copper,  occaaoB 
no  change. 

6.  With  solutions  of  iron  it  forms  a  fine  green  coloured 
liquid ;  and  when  concentrated,  iron  throws  down  a  green- 
coloured  precipitate.  Indeed  it  is  almost  as  delicate  a  teit 
of  iron  as  tan  and  gallic  acid. 

7.  Muriate  of  tin  throws  down  a  copious  yellow  preci- 
pitate. Tliis  precipitate,  and  that  by  iron,  are  soluble  in  all 
acids,  but  t!iey  lose  their  colour. 

8.  Neither  lime  nor  strontian  water  occasion  any  preci- 
pitate in  the  aqueous  solutions  of  this  substance ;  but  baiytes 
water  occasions  a  brown  precipitate. 

9.  Gelatine  occasions  no  precipitate, 

III.  The  Third  species  may  be  distinguished  by  the  name 
of  artificial  bitter  princij)le,  as  it  has  been  formed  by  the 
action  of  nitric  acid  on  various  vegetable  and-  animal  sub- 
stances. It  was  first  obtained  by  Haussman  while  examin- 
ing indigo,  but  he  mistook  its  nature.  Welther  afterwards 
formed  it  by  digesting  silk  in  nitric  acid,  ascertained  its 
properties,  and  gave  it  the  name  of  yellozo  bitter  principle ; 
he  is  therefore  to  be  considered  as  the  real  discoverer«   Bar- 
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tholdi  afterwarda  procured  it  by  treating  the  while  willow 
with  nitric  acid.  Mr  Hatchett  lately  obtaioed  it  during  his  ex 
perimeuts  on  artiiicial  tannin,  by  treating  indigo  with  nilric 
acid ;  and  about  tlie  same  time  Fourcroy  and  VauquDliii 
procured  it  by  Uic  same  means,  and  examined  its  properties 
iu  detail.     This  substance  possesses  the  following  properties  : 

Its  colour  is  a  deep  yellow,  its  taste  intensely  bitter.  It 
is  soluble  both  in  water  and  alcohol,  and  has  the  property 
of  dyeing  silk,  woollen  cloth,  and  cotton,  of  a  durable  jel- 
iow  colour.  It  crystallizes  in  elongated  plates,  and  pos- 
sesses many  of  the  characters  of  an  acid,  combining  readily 
with  alkaline  substances,  and  forming  crystal lizable  salts. 
When  potash  is  dropt  into  a  concentrated  solution  of  it, 
small  yellow  prismatic  crystils  are  gradually  deposited,  con- 
sisting of  bitter  principle  combined  with  potash.  These 
crystils  were  examined  by  Wellher,  but  it  was  Fourcroy 
and  Vanqneliii  that  ascertained  their  composition.  They 
have  a  bitter  taste,  are  not  altered  by  exposure  to  the  air, 
are  less  soluble  than  pure  bitter  principle.  ^Vlien  ihrowii 
upon  hot  charcoal  they  bum  like  gunpowder,  and  detonate 
very  loudly  when  struck  upon  an  anvil,  emitting  a  purple 
light.  Ammonia  dropt  into  the  solution  of  bitter  principle 
deepens  its  colour,  and  occasions  a  copious  deposition  of 
fine  yellow  spicular  crjstuls.  Tliese  are  a  combination  of 
.bitter  principle  and  annnonia. 

IV.  Artiiicial  tannin  itself  may  be  considered  as  ap* 
proaching  the  bitter  principle  in  many  of  its  propcities. 
Its  taste  is  always  intensely  bitter,  and  tlie  colour  of  the 
precipitates  which  it  tlirows  down  from  the  metals,  is  simi- 
lar to  what  lakes  place  when  artificial  bitter  principle  is  pre- 
sent. It  is  indeed  possible,  tliat  the  bitter  taste  may  be 
owing  not  to  the  tannin,  but  to  a  portion  of  artiiicial  bitter 
principle  which    may  be  always   fointsd   along  with  the 
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tannin ;  but  this  has  not  been  ascertained.  It  is  well  knowi 
that  the  bitter  taste  very  easily  overpowers  and  conceals  all 
other  tastes. 


CHAP.  XVI. 

OF  TANNIN. 
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Notwithstanding  the  numerous  experiments  made  upoi 
the  infusion  of  nu^lls,  we  are  not  in  possession  of  a  pio- 
cess  capable  of  furnishing  tannin  in  a  state  of  purity.  Hence 
the  obscurity  which  still  hangs  over  its  characters.  The 
properties  of  this  substance^  as  far  as  known^  and  the  dif- 
ferent methods  of  procuring  it  hitherto  proposed  by  che* 
mists,  have  been  detailed  in  a  preceding  part  of  this  work.  ' 

Like  most  other  vegetable  substances,  it  seems  to  be  sus- 
ceptible of  different  niodificatious.  The  following  are  the 
different  species  of  tannin  which  have  been  hitherto  noticed. 

J .  Tannin  from  nutgalls.  This  is  the  common  species 
described  in  this  work  under  the  name  of  tannin.  It  pre- 
cipitates iron  black,  and  forms  a  firm  insoluble  brown  pre- 
cipitate with  glue.  The  bark  of  oak,  and  most  other  astrin- 
gent trees  in  this  country,  are  supposed  at  present  to  con- 
tain this  species  of  tannin. 

2.  Tlie  tannin  which  constitutes  so  large  a  proportion  of 
catechu  forms  the  second  species.  Its  peculiar  nature -w-as 
first  observed  by  Proust.  It  was  afterwards  more  particu- 
larly examined  by  Mr  Davy.  It  foriQS  with  iron  an  olive 
coloured  precipitate. 

3.  The  tannin  of  kino  constitutes  a  third  species.  This 
substance  is  obtained  from  different  vegetables.  It  was  ori* 
ginally  imported,  as  is  supposed,  from  Africa ;  but  at  pre^ 
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sent  the  common  kino  of  the  shops  is,  according  to  Dr 
Duncan,  an  extract  from  the  coccohba  urifera,  or  sea-side 
grape,  and  ia  brought  chiefly  from  Jamaica.  But  the  finest 
Viiio  is  the  product  of  different  species  of  eiicali/ptus,  particu- 
larly the  resin/fera  or  brown  gum-tree  of  Botany  Bay.  It  is 
an  astringent  substance  of  a  dark  red  colour,  and  very  brittle. 
It  dissolves  better  in  alcohol  than  water.  The  solution  in 
the  latter  liquid  is  niuddy ;  in  the  former  transparent,  and  a 
tine  crimson  if  suiBciently  diluted.  It  throws  down  gela- 
tine of  a  rose  colour,  and  forms  with  salts  of  iron  a  deep 
green  precipitate,  not  altered  by  exposure  to  the  air. 

4.  Tlie  fourth  variety  of  tannin  is  contained  in  sumach. 
This  is  a  powder  obtained  by  drying  and  grinding  the  shoots 
of  tiie  rhus  coriaria ;  a  shrub  cultivated  in  the  southern 
parts  of  Europe.  The  tan,  which  it  contains  in  abundance, 
fields  a  precipitate  with  gelatine,  which  subsides  very  slowly, 
and  remains  m  tlie  state  of  a  white  magma  without  con- 
sistence. 

5.  The  fifth  variety,  according  to  Proust,  is  to  be  found 
in  the  wood  of  the  morns  thtctoria,  or  old  fustic,  as  the  Bri- 
tish dyers  term  it.  Tliis  wood  ^vcs  out  ao  extract  both  to 
alcohol  and  water,  whicii  yields  a  precipitate  with  gelatiue- 
A  solution  of  common  salt  U  sufficient  to  thrqw  it  down. 


^  CHAP.  XVII. 

^F  OF  THE  EXTRACTIVE  l^F,INClPI.li. 

^ft.Theword   extract  yiZi  at  first  applied   to  all   lliose  sub* 
Iptftnces  wluch  were  extracted  from  plants  by  means  of  wa- 
ter, and  which  remained  behind  in  the  atate  of  a  dry  muss 
when  the  water  was   evaporated ;    consequently  it  included 
gum,  jelly,   qnd  £«ver4l  other  bodies,     But  of  lali"  it  liM 
V  4 


344  VEGETABLE  SUBSTANCES.        BIV,  IV. 


boen  confined  by  many  to  a  substance  ^hich  exists  in 
plants,  and  which  may  be  obtained  nearly  in  a  state  of  pih 
rity,  according  to  Hermbstadt,  by  infusing  saffron  in  water 
for  some  time,  filtrating  the  infusion,  and  evaporating  it  to 
dryness.  But  as  the  word  extract  occurs  ev6n  in  modem 
authors  in  its  original  sense,  I  shall  rather  denote  this 
substance  by  the  phrase  extractive  principle,  to  prevent 
ambiguity. 

The  difficulty  of  obtaining  the  extractive  principle  in  t 
separate  state,  and  the  facility  with  which  it  alters  its  Oh 
^ure,  have  hitherto  prevented  chemists  from  examinmg  it 
with  that  attention  to  which  it  is  entitled.  It  was  first  par- 
ticul^ly  attended  to  by  Rouelle ;  but  it  is  to  Fpurcroy  and 
Vauquelin  that  we  are  chiefly  indebted  for  ascertaimng  its 
characters.  '  The  dissiertation  of  Vauquelin  in  the  Joumd 
de  Pharmaciey  is  by  far  the  best  account  of  extractive 
matter  which  has  hitherto  appeared.  Many  valuable  facts 
and  curious  observations  were  published  by  Hermbstadt  also 
in  his  dissertation  on  extract.  But  unfortunately  the  term 
has  not  been  always  taken  by  chemists  in  the  same  accepts^ 
tion.  Parnientier  has  lately  published  a  dissertation  on  the 
extracts  of  vegetables  taken  in  the  loose  and  general  sense 
of  the  word,  which  contains  much  information. 

The  extractive  principle  possesses  the  following  pro- 
perties : 

Soluble  in  water,  and  the  solution  is  always  coloured. 
When  the  ^^  ater  is  slowly  evaporated,  the  extractive  matter 
is  obtained  in  a  solid  state  and  transparent;  but  when  the 
evaporation  is  rapid  the  matter  is  opaque. 

The  taste  of  extractive  is  always  strong ;  but  it  is  very 
different  according  to  the  plant  from  which  it  is  obtained. 

Soluble  in  alcohol,  but  insoluble  in  ether. 

By  repeated  solutions  and  evaporations,  the  extractive 
matter  acquires  a  deeper  colour,  and   becomes  insoluble  in 
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water.  This  cliange  is  considered  as  the  consequence  of 
the  absorption  of  the  o.xjgen  of  the  atmosphere,  for  whicli 
|he  estractive  principle  has  a  strong  affinity.  But  if  tiie  so- 
luiion  be  left  to  itself,  exposed  to  the  atmosphere,  the  ex-  ' 
Irect  is  totally  destroyed  in  consequence  of  a  kiud  of  putre- 
foctioD  which  speedily  commences. 

When  oxymuriutic  acid  is  poured  into  a  solution  coutaio- 
b^  extractive,  a  very  copious  dark  yellow  precipitate  is 
dirown  down,  and  the  liquid  retains  but  a  light  lemon  ca> 
lour.  These  flakes  are  the  oxygenized  extractive.  It  is 
DOW  insoluble  in  water ;  but  hot  alcohol  still  dissolves  it. 

The  extractive  principle  unites  with  alumina,  and  forms 
with  it  an  insoluble  compound.  Accordingly,  if  sulphate 
or  muriate  of  alumina  be  mixed  with  a  sulutiou  of  ex- 
tractive, a  flaky  insoluble  precipitate  appears,  at  least  when 
the  liquid  is  boiled ;  but  if  an  excess  of  acid  be  present,  th(; 
precipitate  does  not  always  appear. 

It  is  precipitated  from  water  by  concentrated  sulphuric 
acid,  miiriiitic  acid,  and  probably  by  several  otlier  acids. 
When  the  experiment  b  made  with  sulphuric  acid,  the 
fumes  of  vinegar  generally  become  lensible, 

Alkalies  readily  unite  with  extractive,  and  form  com- 
pount Is  which  are  insoluble  in  water. 

The  greater  number  of  metallic  oxides  form  insoluble 
compounds  with  extractive.  Hence  many  of  them,  when 
thiovi  a  into  its  solution,  are  capable  of  separating  it  from 
water.  Hence  alsO  the  metallic  salts  mostly  precipitate  ex- 
tractive. Muriate  of  tin  possesses  this  property  in  an  emi- 
nent degree.  It  throws  down  a  brown  powder  perfectly  in- 
soluble, composed  of  the  oxide  of  tin  and  vcgeiuble  inatler. 
If  wool,  cotton,  or  thread,  be  impregnated  witli  alum, 
and  then  plunged  iuto  a  solution  of  extractive,  they  arc 
dyed  of  a  fawn  colour,  and  die  liquid  loses  nincli  uf  its  ex- 
tractive mattir.     'I'liis  colour  is  permam-nt.     The  same  ef- 
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feet  is  produced  if  muriate  of  tin  be  employed  instead  of 
afum.  This  effect  is  still  more  complete  if  the  cloth  te 
ioaked  in  oxymuriatic  acid,  and  then  dipt  into  the  infusioii 
erf  extractive*^  Hence  we  see  that  the  extractive  matter  re- 
quires no  other  mordant  than  oxygen  to  fix  it  on  cloth. 

When  distilled,  extractive  yields  an  acid  liquid  impreg- 
nated with  ammonia. 

It  cannot  be  doubted  that  there  are  many  different  species 
of  extractive  matter;  though  the  difficulty  of  obtaining  each 
separately  has  prevented  chemists  from  ascertaining  its  na- 
ture with  precision.  Extracts  are  usually  obtained  by  treat- 
ing  the  vegetable  substance  from  which  they  are  to  be  pro- 
cured with  water,  and  then  evaporating  the  watery  solution 
slowly  to  dryness.  All  extracts  obtained  by  this^  method 
have  an  acid  taste,  and  redden  the  infusion  of  litmus.  Thqr 
all  yield  a  precipitate  while  liquid  if  they  are  mixed  with 
ammonia.  This  precipitate  is  a  compound  of  lime  and  in- 
soluble extractive.  Lime  always  causes  them  to  exhale  the 
odour  of  ammonia.  It  has  been  ascertained  that  the  ex- 
tractive principle  is  more  abundant  in  plants  that  have  groN^Ti 
to  maturity  than  in  young  plants. 


CHAP.  XVIH. 

OF  THE  NARCOTIC  PRINCIPLE. 

It  has  been  long  known  that  the  milky  juices  which  exude 
from  certain  plants,  as  the  po])py,  lettuce,  &c.  and  the  infu- 
sions of  others,  as  of  the  leaves  of  the  digil alls  purpurea y  have 
the  property  of  exciting  sleep,  or,  if  taken  in  large  enough 
dozes,  of  inducing  a  state  resembling  apoplexy,  and  terminat- 
ingkin  death.  How  far  these  plants  owe  these  properties  to 
certain  common  principles  which  they  possess  is  not  known ; 


CHAP.  XVIII.  NARCOTIC  PRlNClPI.Ii.  ;J47 

tliough  it  is  exceedingly  probable  that  tliey  do,  Uiit  as  a 
peculiar  substance  has  beeu  delected  in  opium,  the  most  no- 
ted of  the  narcotic  preparatioiia,  Nthich  possesses  narcotic 
properties  in  perfection,  we  are  warranted,  till  further  expe- 
riments elucidate  the  subject,  to  consider  it  aa  the  narcotic 
priiicip/e,  or  at  least  as  one  species  of  the  substances  belong- 
iiig  to  this  genus. 

Opium  is  obtained  from  tlie  papaver  album,  or  white  pop- 
py, a  pknt  which  is  cultivated  in  greet  abundance  in  India 
and  tiie  Bust.  The  poppies  are  planted  in  a  fertile  soil  and 
well  watered.  After  the  flowering  is  over,  and  the  seed  cap- 
sules have  attained  nearly  their  full  size,  a  longitudinal  inci- 
sion is  made  in  them  about  suu-set  for  three  or  four  evenings 
in  succeBsion,  From  these  incisions  there  flows  a  milky 
juice,  which  soon  concretes,  and  is  scraped  off  the  plant  and 
wrought  into  cakes.     In  t]iis  state  it  is  brought  to  Europe. 

Opium,  thus  prepared,  is  a  tough  brown  substance,  has  a 
peculiar  smell,  and  a  nauseoufi  bitter  acrid  taste.  It  is  a  very 
compound  substance,  coutainiug  sulphate  of  liuie,  sulphate 
of  potash,  an  oil,  a  resinous  body,  an  extractive  matter,  glu- 
ten, mucilage,  Scc.  besides  the  peculiiir  narcotic  principle,  to 
Avhich,  probably,  it  owes  its  virtues  as  a  narcotic. 

When  water  is  digested  upon  opiiun,  a  considerable  por- 
tion of  it  is  dissolved,  the.  water  taking  up  several  of  its  con- 
stituents. When  this  solution  is  evaporated  to  the  consist- 
ence of  a  syrup,  a  gritty  precipitate  begins  to  appi^ar,  which 
is  considerably  increased  by  diluting  the  liquid  with  water- 
It  consists  chiefly  of  three  ingredients ;  namely,  resin,  osyge- 
nized  extractive,  and  the  peculiar  narcotic  principle,  whirJi 
is  crystallized.  When  alcohol  is  digested  on  this  precipitate, 
the  resin  and  narcotic  substance  are  taken  up,  while  the  osy- 
f^nized  estrdclive  remains  behind.  'I'he  narcotic  principle 
falls  down  in  cn,stals  as  the  aolotion  cools,  still  however  co- 
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loured  with  resin.     But  it  may  be  obtained  tolerablj  pm 
by  repeated  solutions  and  crystallizations. 

Water  is  incapable  of  dissolving  the  whole  of  ofriuo. 
What  remains  behind  still  contains  a  considerable  portion  d 
narcotic  principle.  When  alcohol  is  digested  oo  this'ic 
duum^  it  acquires  a  deep  red  colom* ;  and  depositee,  on  coot 
ing,  crystals  of  narcotic  principle,  coloured  by  resin,  which 
may  be  purified  by  repeated  crystallizations.  The  narcotic 
principle  obtained  by  either  of  these  methods  possesses  thie 
following  properties. 

Its  colour  IS  white.  It  crystallizes  in  rectangular  prisnn 
with  rhomboidal  bases.     It  has  neither  taste  nor  smell. 

It  is  insoluble  in  cold  water,  soluble  in  about  400  parts  of 
boiling  water,  but  precipitates  again  as  the  solution  cools. 
*^e  solution  in  boiling  water  does  not  affect  vegetable  blues. 

It  is  soluble  in  24  parts  of  boiling  alcohol  and  100  parti 
of  cold  alcohol.  When  water  is  mixed  with  the  solutioD, 
the  narcotic  principle  precipitates  in  the  state  of  a  white 
powder. 

Hot  ether  dissolves  it,  but  lets  it  fall  on  coolii^. 

When  heated  in  a  spoon  it  melts  like  wax.  When  distil- 
led it  froths  and  emits  white  vapours,  which  condense  into  a 
yellow  oil.  Some  water  and  carbonate  of  ammonia  pass  iu- 
to  the  receiver ;  and  at  last  carbonic  acid  gas,  anmionia,  and 
carbureted  hydrogen  gas,  are  disengaged.  There  remains  a 
bulky  coal,  which  yields  traces  of  potash.  The  oil  obtained 
by  this  process  is  viscid,  and  has  a  peculiar  aromatic  smell 
and  acrid  taste. 

It  is  very  soluble  in  all  acids.  Alkalies  throw  it  down 
from  these  solutions  in  the  state  of  a  white  powder. 

Alkalies  render  it  rather  more  soluble  in  water.  When 
tbey  are  saturated  with  acids,  the  narcotic  principle  falls 
down  in  the  state  of  a  white  powder,  which  is  re-dissolved  bj 
addins:  an  excess  of  acid. 
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"Volatile  oils,  while  hot,  dissolve  it ;  but,  on  cooling,  they 
let  it  fall  in  an  oIe:^cnous  state  at  first,  but  it  gradually  ciy- 
stalJizes. 

M'hen  treated  witli  nitric  acid,  it  becomes  red  and  dissolves  ; 
niudi  oxalic  acid  is  formed,  and  a  bitter  substance  reinaius 
behind. 

When  potash  is  added  to  the  aqueous  solution  of  opium, 
the  narcotic  principle  is  thrown  down ;  but  it  retains  a  por- 
tion of  the  potash. 

Its  solubility  in  water  and  alcohol,  wlien  immediately  ex- 
tracted from  opium,  seems  to  be  owing  to  the  presence  of 
»W(H  and  extractive  •matter,  both  af  which  reuder  it  soluble. 

It  possesses  the  properties  of  opium  in  perfection.  Di^- 
I'osne  tried  it  upon  several  dogs,  and  found  it  more  powerful 
than  opium.  Its  bad  effects  were  counteracted  by  causing 
'he  animals  to  swallow  vinegar.  This  substance  is  known  to 
^  of  equal  service  in  coimteracting  the  effects  of  opium. 
^rosne  supposes  that  the  efficacy  of  vinegar  may  be  owing 
^   the  readiness  wiUi  wliicli  it  dissolves  the  narcotic  priit- 


tOF  OILS. 
Ilicre  are  two  species  of  oils ;  namely, ^.red  and  tolatile ; 
di  of  which  are  found  abundandy  in  plants. 
I.  Fixed  oil  is  only  found  in  the  seeds  of  planlB,  and  is 
Boat  entirely  confined  lo  those  which  have  two  cutyledons; 
linseed,  almonds,  beech  root,  poppy  set  d,  rape  seed,  £cc. 
vnmetimes,  though  rarely,  it  is  found  in  tlie  pulp  which  siu'- 
roundii  the  stone  of  certain  fruits,     'I'bis  is  Ihe  case  with  the 
^^tllTe,  which  yields  the  most  abundant  and   most  ralual; 
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feet  18  produced  if  muriate  of  tin  be  employed  instead  rf 
afum.  This  effect  is  still  more  complete  if  die  cloth  ta 
ioaked  in  oxymuriatic  acid,  and  then  dipt  into  the  infusicm 
ot  extractive*.  Hence  we  see  that  the  extractive  matter.re- 
quires  no  other  mordant  than  oxygen  to  fix  it  on  cloth. 

When  distilled,  extractive  yields  an  acid  liquid  impreg- 
nated with  ammonia. 

It  cannot  be  doubted  that  there  are  many  different  species 
of  extractive  matter;  though  the  difficulty  of  obtaining^eadi 
separately  has  prevented  chemists  from  ascertaining  its  !»• 
ture  with  precision.  Extracts  are  usually  obtained  by  treat* 
ing  the  vegetable  substance  from  which  they  are  to  be  pro- 
cured with  water,  and  then  evaporating  the  watery  solutioD 
slowly  to  dryness.  All  extracts  obtained  by  this"  method 
have  an  acid  taste,  and  redden  the  infusion  of  litmus.  Thq^ 
all  yield  a  precipitate  while  liquid  if  they  are  mixed  vath 
ammonia.  This  precipitate  is  a  compound  of  lime  and  in- 
soluble extractive.  Lime  ulws^s  causes  them  to  exhale  the 
odour  of  ammonia.  It  has  been  ascertained  that  the  ex- 
tractive principle  is  more  abundant  in  plants  that  have  grown 
to  maturity  than  in  young  plants. 


CHAP.  XVIII. 

OF  THE  NARCOTIC  PRINCIPLE. 

It  has  been  long  known  that  the  milky  juices  whiA  exude 
from  certain  plants,  as  the  poppy,  lettuce,  &c.  and  the  iiifti- 
sions  of  others,  as  of  the  leaves  of  the  digit  a  lis  purpurea,  have 
the  property  of  exciting  sleep,  or,  if  taken  in  large  enough 
dozes,  of  inducing  a  state  resembling  apoplexy,  and  termina^ 
ingfin  death.  How  far  these  plants  owe  these  properties  to 
certain  conunon  principles  whicli  tliey  possess  is  not  known ; 
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though  it  is  exceedingly  probable  that  they  do.  But  as  a 
peculiar  snbslance  has  been  detected  in  opium,  the  inoiit  no- 
ted of  the  narcotic  preparuttons,  which  possesses  narcotic 
properties  in  perfection,  we  are  warranted,  till  further  expe- 
riments elucidate  the  subject,  to  consider  it  as  tlie  jinrcotic 
prvicip/e,  or  at  least  as  one  species  of  the  substaiicea  behjng- 
ing  to  this  genus. 

Opium  iff  obtained  from  the  papaver  album,  or  white  pop- 
py, a  pl;ii)t  which  is  cultivated  in  great  abundance  in  India 
and  the  fest.  Tlie  poppies  are  planted  in  a  fertile  s<t\\  and 
well  watered.  After  iJic  flowering  is  over,  and  the  seed  cap- 
sules have  attained  nearly  tbeir  full  Mi/e,  a  longitudinal  inci- 
sion is  made  in  them  about  sun-set  for  three  or  four  evenings 
in  succession.  From  these  incisions  there  flows  a  milky 
juice,  which  soon  concretes,  and  is  scraped  off  the  plant  and 
wrought  into  cakes.     In  tijis  state  it  is  brought  to  Europe. 

Opium,  thus  prepared,  is  a  tough  brown  substance,  has  a 
peculiar  smell,  and  a  nauseous  bitter  acrid  taste.  It  is  a  very 
conipomid  substance,  containing  sulphate  of  lime,  sulphate 
of  potash,  an  oil,  a  resinous  body,  an  extractive  mutter,  gtu- 
ten,  mucilage,  Sec.  besides  the  peculiar  narcotic  principle,  to 
which,  probably,  it  owes  its  virtues  a^i  a  narcotic. 

When  water  is  digested  upon  opium,  a  considerable  por- 
tion of  it  is  dissolved,  tlie.  water  taking  up  several  of  its  con- 
stituents. When  this  solution  is  evaporated  to  the  consist- 
ence of  a  syrup,  a  gritty  precipitate  begins  to  appear,  wliich 
is  considerably  increased  by  diluting  the  liquid  with  water. 
It  consists  chiefly  of  tlnee  ingredients ;  namely,  resin,  oxyge- 
nized extractive,  and  the  peculiar  narcotic  principle,  which 
is  crystallized.  When  alcohol  is  digested  on  this  precipitate, 
the  resin  and  narcotic  substance  are  taken  up,  while  the  oxy- 
j;eni3:ed  extractive  remains  bchmd.  The  narcotic  principle 
("alls  down  in  crystals  as  the  solution  cools,  still  however  co- 


346  VEGETABLE  SUBSTANCES,  7)1Y.  IV. 

feet  is  produced  if  muriate  of  tin  be  employed  instead  of 
afum.  Tbit  effect  is  still  more  complete  if  die  cloth  bl 
ioaked  in  oxymuriatic  a<*id,  and  then  dipt  into  the  infuaoi 
<rf  extractive*.  Hence  we  see  that  the  extractive  matter. r&* 
quires  no  other  mordant  than  oxygen  to  fix  it  on  cloth. 

When  distilled^  extractive  yields  an  acid   liquid  impreg- 
nated with  ammonia. 

It  cannot  be  doubted  that  there  are  many  different  species 
of  extractive  matter;  though  the  difficulty  of  obtaining  eadi 
separately  has  prevented  chemists  from  ascertaining  its  !»• 
ture  with  precision.  Extracts  are  usually  obtained  by  treat* 
ing  the  vegetable  substance  from  which  they  are  to  be  pro- 
cured with  water^  and  then  evaporating  the  watery  solutioQ 
slowly'  to  dryness.  All  extracts  obtained  by  this^  method 
have  an  acid  taste,  and  redden  the  infusion  of  litmus.  The]^ 
all  yield  a  precipitate  while  liquid  if  they  are  mixed  witfi 
ammonia.  This  precipitate  is  a  compound  of  lime  and  in- 
soluble extractive.  Lime  alws^s  causes  them  to  exhale  the 
odour  of  ammonia.  It  has  been  ascertained  that  the  ex- 
tractive principle  is  more  abundant  in  plants  that  have  grown 
to  maturity  than  in  young  plants. 
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OF  THE  NARCOTIC  PllINClPLE. 

It  has  been  long  known  that  the  milky  juices  which  exude 
from  certain  plants,  as  the  po])py,  lettuce,  &c.  and  the  infu- 
sions of  others,  as  of  the  leaves  of  the  digitalis  purpurea ,  have 
the  property  of  exciting  sleep,  or,  if  taken  in  large  enough 
dozes,  of  inducing  a  state  resembling  apoplexy,  and  terminat- 
ingtin  death.  How  far  these  plants  owe  these  properties  to 
certain  common  principles  whicli  they  possess  is  not  known  ; 
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though  it  is  esceedinglv  probable  diat  tliey  do.  But  aa  a 
peculiar  subsiance  has  been  detected  in  opium,  the  mrut  no- 
ted of  the  narcotic  preparation b,  which  possesses  narcotic 
properties  in  perfection,  we  are  warranted,  till  further  expe- 
riments elucidate  the  subject,  to  consider  it  as  the  nnrcotic 
pnnciph,  or  at  least  as  one  species  of  the  substances  belong- 
ing to  this  genus. 

Opium  is  obtained  from  the  papaver  album,  or  white  pop- 
py, a  plant  which  is  cultivated  in  great  abundance  in  India 
and  tiie  feist.  The  poppies  are  planted  in  a  fertile  soil  and 
well  watered.  After  the  flowering  is  over,  aud  the  seed  cap- 
sules have  attained  nearly  their  full  size,  a  longitudinal  inci- 
sion is  made  in  them  about  suu-set  for  three  or  foui-  evenings 
ill  succe-isioii.  From  these  incisions  there  flows  a  milky 
juice,  which  soon  concretes,  and  is  scraped  oflf  the  plant  and 
ivrought  into  cakes.     In  tliis  state  it  is  brought  to  Europe. 

Opium,  thus  prepared,  is  a  tough  brown  substance,  has  a 
peculiar  smell,  and  a  nauseous  bitter  aciid  laste.  It  is  a  very 
compound  substance,  containing  sulphate  of  lime,  sulphate 
of  potash,  an  oil,  a  resinous  body,  an  extractive  matter,  glu- 
ten, mucilage,  6tc.  besides  the  peculiar  narcotic  principle,  to 
which,  probably,  it  owes  its  virtues  as  a  narcotic. 

When  water  is  digested  upon  opium,  a  considerable  por- 
tion of  it  is  dissolved,  the.  water  taking  up  several  of  its  con- 
stituents. When  this  solution  is  evaporated  to  the  consist- 
ence of  a  svrup,  a  gritty  precipitate  begins  to  appear,  wliich 
is  considerably  increased  by  diluting  the  liquid  with  water. 
It  consists  chiefly  of  three  ingredients ;  namely,  resin,  ONyge- 
razed  extractive,  and  the  peculiar  narcotic  principle,  which 
is  crystallized.  When  alcohol  is  digested  on  this  precipitate, 
the  resin  and  narcotic  substance  are  taken  up^  while  the  oxy- 
genized extractive  remaitis  behind.  The  narcotic  principle 
falls  down  in  cr\slals  as  the  solution  cools,  still  however  co- 
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called  bleaching,  the  yellow  colour  of  ihe  wax  disappeirs, 
and  it  becomes  very  white.  Bleached  wax  is  not  affected 
by  tlie  air. 

Tlie  specific  gravity  of  unblcaclied  wax  varies  from  frSOOO 
foO-9'150;  that  of  white  wax  from  03203  to  0-9662. 

Wax  is  intoluble  In  water ;  nor  are  its  properties  altered 
though  kept  under  that  Uquid. 

When  heat  is  applied  to  was  it  becomes  soft  ;  and  Bllb* 
temperature  of  iV2°,  if  unl^eached,  or  of  loJ"  if  bleadM^ 
it  melts  into  a  coloiirleiis  transparent  fluid,  which  concrete 
again,  and  icbumes  its  foi-nier  appearauce  as  the  tempeiatun 
dimimshes.  If  the  heut  be  still  fartlier  increased,  the  wax 
boils,  and  evaponites ;  and  if  a  red  heat  be  applied  tu  the  Ta> 
pQur,  it  takes  lire-and  bums  with  a  bright  flame.  It  isthil 
property  wluch  renders  wax  so  useful  for  making  candleB. 

Wax  is  scarcely  acted  on  by  alcoltot  when  cold,  butW- 
iug  alcohol  dissolves  it. 

Ether  has  but  little  action  on  wax  while  cold ;  but  wba 
assisted  by  heat,  it  takes  up  about  one-twentieth  of  its  w^glkl 
of  it,  aud  lets  the  grealeat  t)art  precipitate  on  cooling. 

Wax  combines  readily  with  fixed  oils  when  assieted  by! 
and  forms  with  them  a  substance  of  greater  or  less  consi 
cy  accordiiig  to  the  (quantity  of  oil.     This  com positioD,  wl 
is  known  by  the  name  of  cemU;  is  much  employed  by  sur* 
geons. 

The  volatile  oils  also  dissolve  wax  when  heated.    Tids 
well  known,  at'least,  to  be  the  case  with  oil  of  turpeiitiue.  A 
part  of  the  wax  precipitates  usually  as  the  solution  cools,  bui 
of  a  much  softer  consistence  than  usual,  and  tliejefore  cod- 
laiiiing  oil. 

I'be  fixed  alkalies  combine  with  it,  and  form  a  compouol 
which  possesses  all  the  properties  of  conmion  soap.  Wbw 
boiled  with  a  solution  of  fixed  alkalies  in  water,  the  liquH 
becomes  turbid,  aud  after  some  time  the  soap  separates  anJ 
iwims  OB  die  surface.     It  is  precipitated  from  the  alkali  b» 
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^^HHs  id  the  stale  of  flakes,  whicli  are  the  wax  very  little  al- 

^B^^  '"  '^  properties. 

The  acids  have  but  little  action  on  wax  ;  even  oxy muriatic 
acid,  which  acts  so  violently  on  most  bodies,  produces  no 
other  change  on  it  than  lliat  of  rendering  tt  white.  This 
property  which  was  possesses,  of  resisting  the  action  of  acids, 
renders  it  very  useful  as  a  lute  to  con6ne  acids  properly  in 
vessels,  or  to  prevent  them  from  injuring  a  common  cork. 

Mr  Lavoisier  contrived  to  burn  wax  in  oxygen  gas.  The 
<]uantity  of  wax  consumed  was  21'9  grains.  The  oxygen 
gaa  employed  in  coiuuming  that  quantity  amounted  id  6fi"55 
grains.  Consequently  the  substances  consumed  amounted  to 
S8'45  grains.  After  t)ie  combustion,  there  were  loiind  in 
the  glass  vessel  62'5S  gmins  uf  carbonic  acid,  and  a  quantity 
of  water,  which  was  supposed  to  amount  to  35'87  grains. 
These  were  tlie  only  products. 

rFrom  this  experiment  he  concluded  that  100  partH  of  wax 
I  composed  of 
82  28  carbon 
17'72  hydrogen 
lootmo 

The  myrtle  was  of  North  America  is  obtained  from  the 
rni/rica  cerijira.  The  myrica  rerifera  is  -a  shiub  ^vliich 
grows  abundantly  in  Louisiana  and  other  parts  of  N'irth 
America.  It  produces  a  berry  about  the  size  of  a  pepper 
com.  A  very  fertile  shrub  yi^ds  nearly  seven  pounds. 
From  the  observations  of  Cadet,  we  lenrn  that  the  wax  forms  tli£ 
outer  covering  of  the  berries.  The  wax  thus  obtained  is  of  z 
pale  gfeen  colour.  Its  specific  gravity  is  1-0150.  It  melti 
at  tlie  temperature  of  lOQ":  when  stiongly  heated  it  burns 
with  a  white  flame,  produces  little  smote,  and  during  the 
combustion  emits  an  agreeable  aromatic  odour-  Water  does 
^K-aot  act  upon  it.     Alcohol,  when  hot,  dissolves  one-tenth  of 
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its^  weighty  but  lets  most  of  it  fall*  again  on  cwsHsag.  Hot 
ether  dissolves  about  one-fourth  of  its  weight;  and  whei 
,  slowly  cooled,  deposiies  it  in  crystalline  plates,  like  sperma- 
ceti, llie  ether  acquires  a  green  colour,  but  the  wax  be- 
comes nearly  white.  Oil  of  turpentine,  when  assisted  hf 
heat,  dissolves  it  sparii^Iy.  Alkalies  act  upon  it  nearly  m 
on  bees  wax.  The  same  remark  applies  to  acids.  Sulfdniric 
acid,  when  assisted  by  heat,  dissolves  about  one-twelfth  of 
its  weight,  and  is  converted  into  a  thick  dark  brown  mass. 

The  Chinese  extract  a  wax  from  various  vegetables^  which 
they  manufacture  into  candles,  and  of  which  they  form  ntfoj: 
delicate  ornaments  which  are  brought  to  Europe. 


CHAP.  XXI. 


CAMPHOR. 


The  substance  called  camphor,  though  unknown  to  the 
Greeks  and  Romans,  seems'  to  have  been  long  kno^vn  in  th« 
East.  When  it  was  first  brought  to  Europe  does  not  appear, 
though  it  seems  to  hav»been  introduced  by  the  Arabians. 

It  comes  to  Europe  chiefly  from  Japan.  It  is  obtained 
from  the  laurm  camphora,  a  tree  coipmon  in  the  East,  by 
distilling  the  w^ood  along  with  water  in  large  iron  pots,  on 
which  are  fitted  earthen  heads  stuffed  with  straw.'  The  cam- 
phor sublimes,  and  concre|es  upon  the  straw  in  the  form  of 
a  grey  powder.  It  is  afterwards  refined  in  Holland  by  a  se- 
cond sublimation.  The  vessels  are  of  glass,  and  somewhat 
of  the  shape  of  a  turnip,  with  a  small  mouth  above  loosely 
covered  with  paper.  According  to  Ferber,  about  one-fourth 
of  pounded  chalk  is  mixed  with  crude  camphor ;  but  otheri 
assiu-e  us  ihat  there  is  no  addition  whatever  employed. 


lil.  .      CAMPHOR.  3j; 

^mplioT  thus  confined  is  a  white  brittle  substance,  having 
M^uliar  aromatic  odour,  and  a  strong  hot  acrid  taste.  Ita 
apecific  gravity  is  0-9887. 

It  is  not  altered  by  atmospheric  air  ;  but  it  is  bo  volatile, 
that  if  it  be  exposed  during  warm  weather  ia  an  open  vessel, 
it  evaporates  completely.  When  sublimed  in  close  vessels  it 
crystallizes  in  hexagonal  plates  or  pyramids. 

It  is  insoldble  in  water ;  hut  it  communicates  to  that  li- 
quid a  certain  portion  of  its  peculiar  o<iour. 

It  dissolves  readily  in  alcohol,  and  is  precipitated  again  by 
water.  According  to  Neumann,  well  rectified  alcohol  dis- 
solves tliree-fourths  of  its  weight  of  camphor.  By  distillation 
the  alcohol  passes  over  first,  and  leaves  llie  camphor.  Tliia 
property  affords  an  easy  method  of  purifying  ckmphor.  Dis- 
solve the  camphor  in  alcohol,  distil  off  the  spint,  and  melt 
the  camphor  into  a  cake  in  a  glass  vessel. 

Camphor  ia  soluble  also  in  oils,  both  fixed  and  volatile. 
If  the  solution  be  made  by  means  of  heat,  as  it  cools  part  of 
the  camphor  precipitates,  and  assumes  the  form  of  plumose 
or  feather-iike  crystals. 

Camphor  is  not  acted  on  by  alkalies,  either  pure  or  in  die 
state  uf  carbonates.  Pure  alkalies  indeed  seem  to  dicsolve 
a  little  camphor  ;  but  the  quantity  is  too  small  to  be  per- 
ceptible by  any  other  quality  than  its  odour.  Neither  ia  it 
acted  on  by  any  of  the  neutral  salts  which  have  liitliertQbeen 
tried. 

Acids  dissolve  caniphor  widiout  eftervescence,  and  in 
general  it  may  be  precipitated  unaltered  from  the  recent*  so- 
lution. 

V\'hen  heat  is  applied  to  camphor  it  is  volatilized.  If 
the  heat  be  sudden  and  strong,  die  camphor  melts  before 
it  evaporates ;  and  it  melLt,  according  to  Vcnturi,  at  tlie 
temperature  of  300*;  according  to  Romieu,  at  421".  It 
catches  fire  very  readily,  and  emits  a  great  deal  of  flame  a' 
z  3 
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it  burnfi,  but  it  Icavea  no  residuum.  It  ia  so  inflanuD^ 
that  it  continues  to  bum  even  on  tlie  surface  of  waUr. 
When  tanjphor  is  aet  on  fire  in  a  large  glass  globe  £lkd 
with  ox)g<.'n  g.i",  and  cootaining  a  little  water,  it  bums  wilk 
a  very  bright  flame,  and  produces  a  great  deal  of 
The  inner  surfnt:<;  of  tlie  glass  is  soon  covered  with  a  bUct 
powder,  which  has  all  the  jiroperiica  of  charcoal ;  a  qiun- 
tily  of  carbonic  acid  gas  is  evolved  ;  the  water  in  the  globe 
sciguires  a  strong  smell,  and  is  impregnated  with  carbonic 
acid  and  camphoric  acid. 

ITiere  are  several  spetuea  of  camphor  which  have 
examined  by  chemiMs,  and  which  differ  considerably  fmat 
each  other  iit  their  properties.  The  most  remarkable 
common  camphor,  the  camphor  of  tolatilc  oils,  and  ika 
camphor  obtained  by  treating  oil  of  lurpeiUfAe  with  mu- 
riatic acid. 

Cotiimon  camphor,  obtained  by  disbllation  from  die 
laurux  eamplt$tv,  is  the  s»b.stance  which  has  been  deacrib* 
rd  in  the  preceding  part  of  this  Chapter.  In  Borneo  aal 
Sumatra  camphor  is  procured  from  the  /aurm  sunwlrerutu 
but  as  none  of  this  camphor  is  brought  to  Eiu-ope,  we  do 
not  ^now  how  far  it  agrees  willi  common  camphor  in  ils 
properties.      The     lauras     ciniiamomiifn    likewise    yields 

The  aecond  species  of  camphor  aeenw  to  exist  in  ^  gieat 
variety  of  plants,  and  is  held  in  solution  by  the  volatile  oili 
extracted  from  thcni.  Neumann  obtained  it  from  oJJa  of 
diyme,  marjoram,  cardonium ;  Hermann,  from  oils  extracted 
from  various  species  of  mint.  Cartheuser  obtained  it  from 
the  roots  of  Uie  maraiita  galanga,  ktempfcria  i-olunda,  amo- 
fHiim  limiber,  taunts  cassin,  and  rendered  it  jirobable  that 
it  is  contained  in  almost  all  the  labiated  plants.  It  has 
been  supposed  to  exist  in  these  plants  combined  with  vft 
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M  atile  oil.     Proust  has  shown  liow  it  may  be  extncte<l,  in 
coosiderablc  rjuaiitity,  from  many  volatile  uib. 

From  tlie  observation!  of  Mr  John  Brown,  there  is  rea- 
son to  believe  that  tbe  camphor  from  oil  of  (hyine  diR'ers 
from  common  camphor  iu  several  respects.  Il  does  not 
appear  to  form  a  lirjuid  solution  either  with  nitric  or  sul- 
phuric acid ;  nor  is  it  precipitated  from  mtrie  acid  in  pow- 
Ai'T  like  common  camphor,  but  in  a  glutinous  niasis. 

The  artifici;il  camphor  yielded  by  oil  of  turpentine,  when 
saturated  with  miiriutic  acid  gas,  was  discovered  by  Mr 
Kind,  apothecury  in  Eutiu,  while  employed  in  making  a 
medicine  called  the  iitjiior  artliiUkm  Pollii.  He  put  & 
quantity  of  oil  of  turpentine  into  a  Woulfe's  bottle,  and 
caused  a  current  of  muriatic  acid  gas,  separated  from  com- 
mon salt  by  sulphuric  acid,  to  paw  through  it.  The  salt 
used  was  of  the  same  weight  with  the  oil  of  turpentine.  At 
first  the  oil  became  yellow,  then  brown,  aud  at  last  be- 
came almost  solid,  from  the  formation  of  a  great  number 
of  crystals  in  it,  which  possessed  the  properties  of  camphor. 
Tlie  proportion  of  muriatic  gas  fu^nd  to  answer  best,  is 
what  can  be  separali'd  by  sulphuric  acid  and  heat  from  a 
(juunlity  of  common  salt  equal  in  weight  to  the  oil  of  tur- 
pentine employed.  The  camphor  produced  amounla  nearly 
to  onc-lialf  of  the  oil  of  turpentine. 

'llie  camphor  thiin  produced  was  very  white;  it  had  a  pe. 
culiar  odour,  in  which  that  of  the  oil  of  turpentine  conid  be 
distinguished.  When  washed  with  water,  it  became  hean- 
lifully  while,  and  gave  no  longer  signs  of  containing  au  acid, 
but  still  had  the  aniell  of  oil  of  turpentine.  Water  con- 
taining some  carbonate  of  potash  deprived  it  of  part  of  this 
odour,  but  not  the  whole.  When  mixed  with  its  own 
weight  of  clturcnal  powder,  wood-ashes,  quicklime,  or  por- 
celain clay,  and  sublimed,  il  was  obtaiiied  in  a  state  of 
purity. 
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Its  smell  when  pure  reeembles  that  of  common  camphor, 
but  is  not  so  strong.  Its  taste  also  resembles  that  of  cant- 
phor.  It  swims  on  water,  to  which  it  commouicates  iB 
taste,  and  burns  upon  its  sui^face.  It  dissolves  completely 
in  alcohol,  and  is  precipitated  by  water.  Nitric  acid,  of 
the  specific  gravity  l-SSi,  had  no  action  on  it,  though  it 
readily  dissolves  common  camphor;  but  concentrated  nitric 
acid  dissolves  it  with  the  disengagement  of  nitrous  gas ;  aad 
water  does  not  precipitate  it  from  its  solution  as  it  does  com- 
mon camphor.  Acetic  acid  does  not  dissolve  it.  When 
heated  it  sublimes  without  decomposition ;  and  when  set  on 
lire  it  bums  like  camphor.    ' 


CHAP.  XXII. 

OF    BIRD-LIME. 

The  vegetable  principle  to  which  I  give  the  name  of  birA" 
lime,  was  first  examined  by  Vauquelin,  who  found  it  [ 
sessed  of  properties  different  from  every  other.  It  ' 
found  collected  on  the  epidermis  of  a  plant  brought  to  Ed* 
rope  by  Michaud,  and  called  robinia  vkcosa  by  Cels ;  cow 
stituting  a  viscid  substance,  which  made  the  fingers  adheffi; 
to  the  young  twigs.  From  the  late  analysis  of  hird-Ume  hf 
'  Bouillon  la  Grange,  it  is  obvious  that  it  owes  its  pecuUsr 
properties  to  the  presence  of  an  analogous  substance,  which 
indeed  constitutes  the  essential  part  of  that  compoatioii'  ■ 
Hence  the  reason  why  I  have  given  the  name  of  bird^imf 
to  the  principle  itself. 

Natural  bird-lime  (or  that  viliicli  exudes  spontaneotulj 
from  plants),  possesses  the  following  properties : 

Its  colour  is  green;   it  has  no  sensible  taste  or  smell ( 
is  estremely  adhesive ;    softeus  by  the  heat  of  the  fiiiger^i 
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-■d  sticks  to  them  with  great  obstinacy.  When  heated  it 
«slt8,  swells  up,  and  burns  willi  a  considerable  flame, 
WKTing  a  bulky  charcoal  behind  it.  It  does  not  dissolve 
water;  alcohol  hus  but  little  action  on  it,  especially 
Sien  cold.  By  the  assistance  of  heat  it  dissolves  a  por- 
«jn  of  it ;  but  on  cooling,  allows  the  greatest  part  lo  pre- 
i].>itate  again.  When  exposed  te  the  air  it  continues  glu- 
■  loii^,  never  becoming  hard  and  brittle  like  the  resins. 

Ii  combines  readily  nith  oils.  Ether  is  its  true  solvent, 
■^solving  it  readily  without  the  assistance  of  heat.  The 
Cklulion  is  of  a  deep  green  colour.  The  alkalies  do  not 
tombine  with  it;  the  eflect  of  the  acid^  was  not  tried, 
^ese  properties  are  sufficient  to  distinguish  bird-lime  from 
svery  other  vegetable  principle. 

Artificial  bird-linie  is  prepared  fiom  different  substances 
«  difi'ercnt  countries.  The  berries  of  ihe  misletoe  are  said 
U)  have  been  formerly  employed.  Tliey  were  pmmdsd, 
tkoiled  in  water,  and  the  hot  %vater  ponred  off.  At  pre- 
t«at  bird-lime  is  usually  prepared  from  the  middle  bark  of 
ifce  holly.  The  process  followed  in  England,  as  described 
by  Geofl'roy,  is  as  follows :  The  bark  is  boiled  in  water 
Bcien  or  eight  hours  (ill  it  becomes  soft.  It  is  then  laid  in 
C)naniitie5  in  the  earth,  cohered  wilh  stones,  and  left  to  fer- 
ment or  rot  for  a  fortnight  or  three  weeks.  By  this  fer- 
mentation it  changes  to  a  mucilaginous  consistency.  It  is 
ilien  laken  from  the  pits,  pounded  in  mortars  to  a.  paste 
aud  well  nashcd  with  river  water.  Bouillon  la  Grange  in- 
forms us,  that  at  \ogent  le  Botrou  btrd-lime  a  made  by 
cutting  ihe  middle  bark  of  the  holly  into  small  pieces,  fer- 
nieutiiig  them  in  a  cool  place  for  a  furtntgtit,  and  then  boil- 
ing them  ill  waier,  which  is  afterwards  evaporated.  At 
Commerci  various  other  plants  are  used, 

Its  colour  is  greenish,  its  flavour  sour,  and  its  consist, 
tuce  gluey,  stringy,  and  ternciyus.     Its  smirll  is  simil^  t« 
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thnt  of  linseed  oil.  When  spread  on  a  glass  plate,  and  & 
pose<l  to  the  air  and  light  it  dries,  becomes  brown,  loses  ■ 
viscidity,  and  may  be  reduced  to  pOM'der  ;  but  when  v 
is  added  to  it,  the  glulinoua  property  returns.  It  redde^ 
vegetable  blues. 

When  gently  heated    it  melts,   and  emits  an  odour  liluTI 
that   of  animal  oils.       Whkn    heated  on  red  hot  coals,  '. 
bums  with  a   live))  flame,    and  gives  out   a  great  deal  of  I 
smoke,    leaving  a  white  ash,    composed    of   carbonate  e 
lime,  alumina,  iron,  sulphate,  and  muriate  of  potash. 

Water  has  little  action  on  bird-hmc.  When  boiled  inl 
water  the  bird-lime  becomes  more  liquid,  but  recovers  it 
original  properties  >vhen  the  water  cools.  The  water,  by 
this  treatment,  acquires  the  property  of  reddening  vegetable 
blues,  and  when  evaporated  leaves  a  mucilaginous  sub- 
stance, which  may  be  likewise  separated  by  alcohol. 

A  concentrated  solution  of  potash  fonns  with  bird-IlnK 
a  wliiUsh  magma,    which   becomes  brown  by  evaporation, 
while  ammonia  separates.     Ilie  compound  thus  formed  i> 
less  viscid  tlian  bird-titiie,  ami  in  smell  and  taste  resemblei  ■ 
soap      In  alcohol  and  water  it  dissolves  almost  comj^t^fi'l 
and  possesses  properties  similar  to  those  of  soap. 

Weak  acid^i  soflen  bird-lime,  and  partly  dissolve 
acids  act  with  niore  violence.  Sulphuric  acid  renders  i 
black  ;  and  \\hen  lime  is  added  to  the  solution,  acetic  <■! 
and  ammonia  separate.  Nitric  acid  cold  has  littffd 
but  when  assisted  by  heat  it  dissolves  the  bird4ime; 
the  solution,  when  evaporated,  leaves  behind  it  a  hard  brittle 
mass.  By  treating  this  mass  widi  nitric  acid,  a  nevr  >blu- 
lion  may  be  obtained,  which  by  evaporation  yields  mdic 
and  oxalic  acids,  and  a  yellow  matter  which  possesses  i^ 
veral  of  the  pioperties  of  wax.  Cold  muriatic  acid  doW 
not  act  on  bird-lime ;  hot  muriatic  acid  renders  it  black. 
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li  solutions  of  pure  potash,  or  soda.  Every  other  lesb 
s  dissolved  as  well  as  rositi. 

Vhcsc  alkaline  solutions  of  resins  Lave  the  properties  of 
J),  and  may  be  employed  as  detergents.  When  mixed  ' 
-Ti  an  acid,  Oie  resin  is  separated  in  flakes,  usually  of  a 
Eow  colour,  and  not  much  altered  in  its  nature. 
'.rfWmonia  acts  but  imperfectly  upon  resins,  and  does  not 
*in  a  complete  solution  of  any  of  tliose  bodies  liitherlu 
Ed. 

^t  was  the  received  opinion  of  chemists  that  acids  do 
1:  act  upon  resins.  Mr  Hatchett  first  ascertained  tliis  opi- 
□u  also  to  be  erroneous,  and  showed  that  most  of  the  acids 
ssolve  resins  with  facility,  producing,  different  phenomena 
cording  to  circumstances. 

When  sulphuric  acid  is  poured  upon  any  of  the  resins  in 
iwder,  it  dissolves  them  in  a  few  minutes.  At  first  the  so- 
tion  is  transparent,  of  a  yellowish  brown  colour,  and  of  the 
nsistcncy  of  a  viscid  oil,  and  the  resin  may  be  precipitated 
arly  unaltered  by  the  addition  of  water.  If  the  solution 
:  placed  on  a  sand  bath,  its  colour  becomes  deeper,  sul- 
lurous  acid  gas  is  emitted,  and  it  becomes  very  thick,  tuu) 
an  intense  black. 

Nitric  acid  likewise  dissolves  the  resins  with  facility,  but 
t  without  changing  tlieir  nature.  Mr  Hatchett  was  first 
i  to  examine  the  action  of  lliis  acid  on  resins,  by  observiug 
it  resins  are  thrown  down  by  acids  from  their  solutions  in 
talies  in  the  state  of  a  curdy  precipitate ;  but  when  nitric 
id  is  added  in  excess,  tlie  whole  of  the  precipitate  is  re-dis- 
Ived  in  a  boiling  heat.  He  poured  nitric  acid  of  the  spe- 
ic  gravity  1  "38,  ou  powdered  rosin  in  a  tubulated  retort ; 
d  by  repeated  distillation  forijicd  a  complete  solution  of  a 
ownish  yellow  colour.  TTie  solution  lakes  pLce  much 
oner  in  an  open  matrass  than  in  close  vessels.  The  solu- 
iD  coutiuues  permanent,  though  left  exposed  to  the  air.    I* 
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tain  degree  of  transparency,  and  a  colour  most  commonly 
incliniiig  to  yellow.  Tlieir  taste  is  more  or  less  acrid,  wi 
not  like  that  of  volatile  oils ;  but  they  have  no  smell  udeN 
they  happen  to  contain  some  foreign  body.  They  are  iD  ' 
heavier  than  water.  They  are  all  non-conductors  of  electii- 
ciiy ;  and  when  excited  by  fiiction,  their  electricity  is 
negative. 

Their  s|)ecific  gravity  varies  considerably. 

When  exposed  to  heat  they  melt ;  and  if  the  heat  be  ia- 
creased  they  take  fire,  and  burn  with  a  strong  yellow  I 
emitting  at  the  same  time  a  vast  quantity  of  smoke. 

They  are  all  insoluble  in  water  whether  cold  or  hot;  bnt 
when  they  are   melted  along  with  water,  or  mixed  witli 
latile  oil,  and  then  distilled  with  water,  they  seem  to  Uiute, 
wilh  a  portion  of  that  liquid ;  for  they  become  opaque, 
lose  much   of  their  brittleness.     Tliis  at  least  is  the 
with  common  rosin. 

They  are  all,  with  a  few  exceptions,  soluble  in  alcohol, 
especially  when  assisted  by  hetft.  The  solution  is  usually 
transparent ,-  and  when  (he  alcohol  is  evaporated,  the  rerai 
is  obtained  imaltered  iu  ils  properties. 

Several  of  them  are  soluble  in  fixed  oils,  especially  in  die 
drying  oils.  Tlie  greater  number  are  soluble  in  the  volitik 
oils ;  at  least  iu  oil  of  turpentine,  the  one  comtooiily  aa- 
ployed.  , 

Mr  Hatchett  first  examined  the  action  of  fixed  alkdiei 
on  resins,  and  ascertained,  contrai-y  to  the  received  ojMnio* 
of  chemists,  that  alkaline  ,'leys  dissolve  them  widi  facility- 
He  reduced  a  quantity  of  common  rosin  to  powder,  and 
gradually  added  it  to  a  boiling  lixivium  of  carbonate  of 
potash  ;  a  perfect  solution  was  obtained  of  a  clear  yellow 
colour,  which  continued  after  long  exposure  to  the  air.  The 
experiment  succeeded  equally  with  carbonate  of  soda,  ani 
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witli  solutions  of  pure  potash,  or  soda.     Every  other  icsin 
was  dissolved  as  well  as  rosin. 

These  alkaline  solutions  of  resins  have  the  properties  of 
soapj  aad  may  be  employed  aa  detergents.     When  mixed  ' 
with  an  acid,   the  resin  is  separated  i'l  flakes,   usually  of  a 
yellow  colour,  and  not  much  altered  Jn  its  nature. 

Ammonia  acts  but  imperfectly  upon  resins,  and  does  not 
form  a  complete  solution  of  any  of  those  bodies  hitherlo 
tiled. 

It  was  the  received  opinion  of  chemists  that  acids  do 
not  act  upon  resins.  Mr  Hatchett  first  ascertained  tliis  opi- 
nion also  to  be  erroneous,  and  showed  that  most  of  the  acids 
dissolve  resins  with  facility,  producing,  different  phenomena 
according  to  circumstances. 

When  sulphuric  acid  is  poured  upon  any  of  the  resins  in 
powder,  it  dissolves  them  iu  a  few  minutes.  At  first  the  so- 
lution is  transparent,  of  a  yellowish  brown  colour,  and  of  the 
consistency  of  a  viscid  oil,  and  the  resin  may  be  precipitated 
nearly  unaltered  by  the  addition  of  wal«r.  If  the  solution 
be  placed  on  a  sand  bath,  its  colour  becomes  deeper,  sul- 
phurous acid  gas  is  emitted,  and  it  becomes  very  thick,  and 
of  an  intense  black. 

Nitric  acid  likewise  dissolves  the  resins  widi  facility,  but 
not  without  changing  tlieir  nature.  Mr  Hatchett  was  first 
led  to  examine  the  action  of  this  acid  on  lesius,  by  observing 
that  resins  are  thrown  down  by  acids  from  their  solutions  iu 
alkalies  in  the  state  of  a  curdy  precipitate  ;  but  when  nitric 
Ticid  is  added  in  excess,  the  whole  of  the  precipitate  is  re-dis- 
solved in  a  boiling  heat.  He  poiu'cd  nitric  acid  of  the  spe- 
cific gravity  1'33,  on  powdered  rosin  in  a  tubulated  retort ; 
and  by  repeated  distillation  fonjied  a  complete  solution  of  a 
brownish  yellow  colour.  The  solution  takes  pluce  much 
sooner  in  an  ojien  matrass  than  in  close  vessels,  Tlie  aolu- 
lian  coutiuues  permanent,  though  left  exposed  to  the  air.    It 
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■a  tiirbid  when  water  is  adJed  ;  hut  when  the  mutant 
is  boi!erf,  tliB  whole  is  rediasolved. 

Whea  the  digestion  of  nitric  acid  upon  a  resinous  sub- 
stance is  continued  long  enough,  and  the  quantity  of  acid  i> 
auOicicnt,  the  dissolved  resin  is  completely  changed  ;  it  is  nal  ^ 
preLipitated  by  water ;  and  by  evaporation,  a  viscid  sub- 
stance of  u  deep  yellow  colour  is  obtained,  equally  soluble 
in  water  and  alcohol,  and  seemingly  intermediate  between 
resin  and  extractive.  If  the  abstraction  of  nitric  acid  he  re- 
peated, this  Hubstance  gradually  assumes  the  properties  of  a^ 
tificial  tannin.  •Thus  it  appears  that  nitric  acid  gradually  li- 
ters the  nature  of  resin,  producing  a  suite  of  changes  which 
terminate  in  artificial  tannin,  upon  which  nitric  acid  has  no 
action. 

Muriatic  acid  and  acetic  acid  dissolve  resin  slowly,  and  il 
may  be  precipitated  again  from  them  unaltered. 

When  resins  are  snhjectcd  to  destructive  distillatioii,  we 
obtain  carbureted  hydrogen  and  carbonic  acid  gas,  a  very 
small  portion  of  acidulous  water,  and  much  empyreumUic 
oil.  The  charcoal  is  light  and  brtUiant,  and  contains  no  al- 
kali. 

II.  Having  now  described  the  general  properties  of  re»- 
nous  bodies,  it  will  be  proper  to  take  a  more  particular  view 
of  those  of  them  which  are  of  the  most  importance,  that  we 
ma}  ascertain  how  far  each  possesses  the  general  cliuraclei* 
of  resins,  and  by  what  peculiarides  it  is  disitingui^ed  from 
the  rest.  The  most  distinguished  of  the  resins  are  die  fol- 
lowing. 

1.  Rosltt. — This  substance  is  obtained  from  different 
sptcies  of^r ;  as  the  piiius  ntics,  sj/lvestris,  larix,  balmwS' 
\i  is  well  known  that  a  resinous  juice  exudes  from  the/MW* 
si/heSfris,  or  common  Scntch  &,  which  hardens  into  !««*• 
The  same  exudalJon  appears  in  the  pintis  abies,  or  spruce  fif- 
These  tears  constitute  the  substance  called  tkiis,  or  conuno" 
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jpKankiiiceiise.  When  a  poitJon  of  bark  is  stripped  oft'  these 
fcanees,  a  liquid  juice  6ows  out,  which  gradually  hardens. 
rXliH  juice  has  obtaiiKd  different  Dames  according  to  the 
pbnt  from  which  it  cumea.  The  piniis  sylvextris  yields 
tcomiuoH  turpentine;  the /arh-,  i  eiiic«  liirpeiUine;  the  lialsa- 
•■*j/'wi,  /kthnm  of  Ctiiiada,  &c.  All  these  juices  which  arc 
<junimonIy  distinguished  by  the  name  of  turpentine,  are  con- 
sidi-ied  as  composed  of  two  ingredients ;  namely,  oil  of  tur- 
|]eiitiiie  and  rosiu. 

'2.  Mastich. — ^This  resin  is  obtained  from  the  pistana  len- 
thais;  a  tree  which  grows  in  the  Levant,  particulaity  in  the 
island  of  Chios.  When  transverse  incisions  are  made  into 
tliis  tree,  a  fluid  exudes,  which  soon  concretes  into  yellov/ish 
se mitral isparent  brittle  grams.  It  softens  wheu  kept  in  the 
OKiutb,  but  imparts  very  little  taste.  Wheii  heated,  it  melts 
fliid  exhales  a  fragrant  odoiir.  Its  taste  is  slight,  but  not  ui>- 
pleasaitt.  In  Turkey  great  quautittes  of  it  are  said  still  to  be 
chewed  for  sweetening  the  breath,  and  strengthening  the 
gums.  It  is  to  this  use  of  the  rcsiu  as  a  masticatory  that  it 
is  supposed  to  owe  its  name  Mastich  does  not  dissolve 
completely  in  alcohol ;  a  soft  elastic  substance  separates  dui-- 
iug  tlie  solution.  The  nature  of  itiis  insoluble  portion  wa9 
tii'st  examined  by  Kind,  nho  found  it  possessed  of  all  the 
properties  of  caoutchouc.  These  experiments  have  lately 
been  i-epeated  by  Mr  Mulliews  with  a  siinil-.ir  result.  Mr 
Broude,  however,  lias  observed,  that  when  this  insoluble  sub- 
stance is  dried,  it  becomes  brittle,  in  ^vliicli  respect  it  differs 
from  caoutchouc.  He  has  observed  also,  that  by  passing  a 
cuiTCut  of  o\)  muriatic  gas  through  the  alcoholic  solution  of 
Diastidi,  a  tough  elastic  substance  is  thrown  down,  precisely 
siinilai-  to  the  original  iusolnble  portion. 

f!.  Stiiulatach, — Tins  resin  is  ohtainwl  i'rom  i\k  juiiiperm 
iommniiis  or  common  juniper.  It  exudes  spontaneously, 
and  is  usually  in  the  state  of  small  romid  tears  of  a  brown 
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colour^  and  semitransparent^  not  unlike  mastidi,  bat 
more  transparent  and  brittle.    When  chewed  it  does 
soften  as  mastish  does^  but  crumbles  to  powder.     Mr 
thews  found  it  aknost  completely  soluble  in  eight  times 
weight  of  alcohol.     The  residue  was  extraneous  matter, 
does  not  dissolve  in  tallow  or  oil^  as  common  resin  does. 

4.  Elemi. — ^This  resin  is  obtsuned  from  the  amyris 
fera;  a  tree  which  grows  in  Canada  and  Spanish  Aoieiickl 

Incisions  are  made  in  the  bark  during  dry  weather, 
resinous  juice  which  exudes  is  left  to  harden  in  the  smi.  K 
comes  to  this  country  in  long  roundish  cakes  wrapped  in  ftf 
leaves.  It  is  of  a  pale  yellow  colour^  semitransparent ;  atfint 
toftish,  but  it  hardens  by  keepii)g.   Its  smell  \s  at  first  stPMf . 
and  fragrant,  but  it  gradually  diminishes. 

5.  Tacamakac,' — ^This  resin  is  obtained  from  the 
octandra,  and  likewise,  it  is  supposed,  from  the  popvha 
samifera.  It  comes  from  America  in  large  oblong  miafeei 
wrapt  in  flag  leaves.  It  is  of  a  light  brown  colour,  veiy 
brittle,  and  easily  melted  when  heated.  When  pure  it  has 
an  aromatic  smell  between  that  of  lavender  and  musk. 

6.  A) lime, — ^This  >esin  is  obtained  from  the  hymenam 
courbaril  or  locust  tree,  which  is  a  native  of  North  America. 
Anime  resembles  copal  very  much  in  its  appearance  ;  but  is 
readily  soluble  in  alcohol,  which  copal  is  not :  this  distin- 
guishes them.     It  is  said  to  be  very  frequently  employed  in 

'making  varnishes.     Alcohol  dissolves  it  completely. 

7.  Ladanum  or  labdanum. — ^This  resin  is  obtained  from 
the  cystns  creticus,  a  shrub  which  giows  in  Syria  and  the 
Grecian  Islands.  The  surface  of  this  shrub  is  covered  with 
a  viscid  juice,  which,  when  concreted,  forms  ladanum.  It  is 
collected  while  moist  by  drawing  over  it  a  kind  of  rake  with 
thongs  fixed  to  it.  From  these  thongs  it  is  afterwards  scrap- 
ed with  a  knife.  It  is  always  mixed  with  dust  and  sand, 
i^ometimes  in  great  abundance.    Tlie  best  is  in  dark  coloured 
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masses,  almost  black,  and  vet;  soft,  having  a  fragrant  odour 
and  a  bitterish  taste.  'Hie  impurities  even  in  the  best  kinds, 
amount  to  about  one-fourth. 

8.  hotaui/  Bay  resi/i.— This  resin  is  sold  to  be  llie  pro- 
<3uce  of  the  acnrois  resinifera ;  a  tree  which  grows  abundant- 
ly in  New  Holland,  especially  near  Botany  Bay.  Specimens 
cf  it  were  brought  to  London  about  the  year  179!/,  where  it 
was  tried  as  a  incdeciue. 

The  resin  exudes  spontaneously  from  the  trunk  of  tlie  sin- 
gular tree  ^^'hich  yields  it,  especially  if  the  bark  be  woimded. 
It  is  at  tir.41  tiuid,  but  becomes  gradually  solid  when  dried  in 
the  sun.  It  consists  of  pieces  of  various  sizes  of  a  yellow 
colour,  unless  \^'heu  covered  with  a  greenish  grey  crust.  It 
is  firm,  yet  brittle ;  and  when  pounded,  does  not  stick  to  the 
jaortar  nor  cake.  In  the  mouth  it  is  easily  reduced  to  pow- 
'  der  witlioul  sticking  to  the  teeth.  It  communicates  merely 
a  llight  sweetish  astringent  taste.  When  moderately  heated, 
it  melts;  on  hot  coals  it  bums  to  a  coal,  emitting  a  white 
smoke,  which  has  a  fragrant  odour  somewhat  like  storax. 
When  tlirown  into  the  fire,  it  increases  the  flame  hke  pitch. 
It  communicates  to  water  the  flavour  of  storax,  but  is  inso- 
luble in  that  liquid.  When  digested  in  alcohol,  two-diirdi 
dissolve :  the  remaining  third  consists  of  one  part  of  extrac 
Uve  matter,  soluble  in  water,  and  having  an  astrmgent  taste ; 
md  two  parts  of  woody  fibre  and  other  impurities,  perfectly 
tasteless  and  insoluble.  The  solution  has  a  brown  colour, 
Utd  exhibits  the  appearance  and  the  smell  of  a  solution  of 
benzoin.  Water  throws  it  down  unaltered.  When  distilled, 
the  products  were  water  and  empyrenmatic  oil,  and  cliarcdal  ^ 
but  it  gives  no  traces  of  any  acid,  alkali,  or  salt,  not  «ve& 
when  distilled  \iilL  water. 

Q.  Copal. — 'lliis  substance,  which  deserves  particular  at- 
tention from  its  importance  as  a  varnish,  and  mIucIi  at  first 
wight  seems  to  beluny  to  a  disttpct  class  from  the  nwu,  ij» 
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obtaiiicd,  it  is  said,  from  the  rhus  copallinum,  a  tree  which  is 
a  native  of  Nortli  America;  but  the  best  sort  of  copal  ii 
said  to  come  from  Spanish  America,  and  to  be  the  product 
of  different  trees.  No  less  than  eight  species  are  enumerated 
by  Hernandez.  * 

Copal  is  a  beautiful  white  resinous  substance,  with  a  slight 
tint  of  brown.  It  is  sometimes  opaque^  and  sometimes  al- 
most perfectly  transparent.  When  heated  it  melts  like  oth^ 
resins ;  but  it  differs  from  them  in  not  being  soluble  in  alco- 
hol, nor  in  oil  of  turpentine  without  peculiar  management 
Neither  does  it  dissolve  in  the  fixed  oils  with  the  same  ease 
as  the  other  resins.  It  re8.embles  gum  anim6  a  little  in  ap 
pearance ;  but  is  easily  distinguished  by  the  solubility  of  this 
last  in  alcohol,  and  by  its  being  brjttle  between  the  teeth, 
whereas  anin>e  softens  in  the  mouth.  The  specific  gravity 
of  copal  varies,  according  to  Brisson,  from  1*045  to  1*139. 
Mr  Hatchett  found  it  soluble  in  alkalies  and  nitric  acid  .vnth 
the  usual  phenomena ;  so  that  in  this  respect  it  agrees  with 
the  other  resins.  Tlie  solution  of  copal  in  alkalies  he  found 
indeed  opalescent,  but  it  is  nevertheless  permanent.  It  de- 
serves attention^  that  he  found  rosin,  when  dissolved  in  nitric 
acid,  and  then  thrown  down  by  an  alkali,  to  acquire  a  smell 
resembling  tliat  of  copal. 

When  copal  is  dissolved  in  any  volatile  liquid^  and  spread 
thin  upon  wood,  metal,  paper,  8cc.  so  that  the  volatile  men- 
struum may  evaporate,  the  copal  remains  perfectly  transpa- 
rent, and  forms  one  of  the  most  beautiful  and  perfect  var- 
nishes that  can  well  be  conceived.  The  varnish  thus  formed 
is  called  copal  varnish^  from  the  chief  ingredient  in  it.  This 
varnish  was  first  discovered  in  France,  and  was  long  known 
by  the  name  of  verms  martin.  The  method  of  preparing  it 
is  concealed ;  but  different  processes  for  dissolving  copal  in 
volatile  menstrua  have  been  from  time  to  time  made  public* 


i).  Lae. — This  is  a  substance  deirasited  on  diffeient  spe- 
t  of  trees  in  the  Kast  Indies,  by  an  inst'Ct  called  chermes 
Kfa,  conslitiittng  a  kind  uf  comb  or  milus.  It  lias  been 
imported  into  Europe,  and  extensively  waed  from  time  immc- 
tnorial;  bnl  it  is  oiily  of  late  years  that  correct  information 
concerning  it  lias  been  obtained.  For  what  relates  to  the 
Da.tunil  liistory  of  the  insect,  and  the  mode  of  rormiiig  tlie 
lac,  we  are  indebted  to  Mr  Ker,  Mr  Saunders  and  l>r  l{o\- 
biii'gh.  Thoiigli  very  often  empIo)vl  in  the  arts,  it  was  ne- 
glected by  diemists.  Mr  Hatchelt  has  Intely  examined  it 
with  his  usual  address,  and  ascertained  its  conipoiiition  and 
properties. 

There  are  vaiious  kinds  of  lac  distinguished  in  commerce. 
Stick  lac  is  the  substance  in  its  natnral  state,  encruiting  small 
twigs.  W  lien  broken  off  and  boiled  in  water  it  loses  its  red 
colour,  and  is  called  seed  lac.  When  melted  and  reduced  to 
the  state  of  thin  crust,  it  is  called  shell  lac.  Jitick  lac  is  of  a 
deep  red  colour,  and  yields  to  water  a  substance  which  b  used 
as  a  red  dye.     Tlie  other  two  varieties  are  brown. 

Water  dissolves  die  greatest  part  of  the  colouring  matter 
of  Ibc,  which  varies  from  15  to  %  per  cent.  Alcohol  dis- 
solves the  greatest  part  of  the  resin,  which  constitutes  the 
chief  ingi'edient  in  the  composition  of  lac.  Ether  acts  more 
feebly.  Sulphuric  acid  dissolves  and  gradually  chars  lac ; 
intric  acid  dissolves,  and  then  produces  the  same  changes  on 
it  as  OB  other  resinous  bodies.  Muriatic  and  acetic  acids 
likewise  act  as  solvents.  A  soluMou  of  borax  in  water  readi- 
ly dissolves  lac.  Tlie  best  proportions  are  20  grains  of  bo- 
rax, 100  grains  of  lac,  and  four  ounces  of  water,  Thi»  sohi- 
tion,  mixed  widi  lump  black,  constitute.^  Indian  ink;  and 
may  indeed  be  employed  for  many  of  the  pnrposes  of  varnish. 
The  fixed  alkalies  readily  dissolve  lac,  but  not  the  volatile. 
^Vhen  placed  on  a  hot  iron  it  melts,  and  emits  a  thick  smoks 
with  an  odour  ruthor  pleasant,  leaving  a  spungy  coal.    When 


37« 


CETABLI!  SUBSTANCES. 


distilled,  it  yields  water  slightly  acidulous,  ajid  a  thick  butj- 
raceous  oil.  Ths  gassea  emitted  are  a  mixture  of  carbonir 
acid  aiid  carbureted  hydrt^eii.  Stick  lac  yields  also  wnc 
carboiiate  of  ammaiiiai  but  the  other  two  varieties  now, 
The  following  Table  exhibits  tlie  constituents  of  the  differcni 
varieties  of  lai-,  according  to  tlie  analysis  of  Mr  Hatchett. 


Stick  Lar. 

Seal  Lac. 

SH^i.c. 

6 

s-s 

6-5 
4-0    • 

88-5 
2-5 
4-5 
2-0 

S-5 

Q-S 
40 

Colouring  nuuler  .  . 

wai..  r 

Glut™ 

Foreign  bodiei 

100 

100         1        100        I 

r 
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The  resin  is  le^  brittle  tliau  tljose  bodies  usually  are. 
colouring  mattej-  possesses  die  properties  of  extractive; 
wax  is  analogous  to  myrtle  wax,  and  the  gluten  closely 
scmbles  the  gluleii  of  wheat. 

II.  Amber.~-''l'his  substance  is  undoubtedly  of  vegetable 
origin;  and  though  it  differs  from  resins  in  some  of  its  pro- 
perties, yet  it  agrees  with  them  in  so  many  others,  that  it 
may,  without  impropiiety,  be  referred  to  them. 

^mber  is  a  brittle,  light,  hard  substance,  usually  nesrly 
transparent;  sometimes  nearly  colourless,  but  commonly 
yellow  or  even  deep  brown.  It  lias  cousiderabic  lusti'e.  /t» 
specific  gravity  is  1I)6j.-  It  is  tasteless,  and  without  smell, 
except  «hen  pounded  or  heated,  when  it  emits  a  fragrant 
odour.  When  heated  it  softens ;  but,  as  far  as  is  known, 
cann-jt  be  melted  without  losing  some  of  its  weight,  and  al- 
tering its  appt^arauce.  In  a  strong  beat  it  burns,  Ieaviu|  a 
small  quantity  of  ashes,  the  nature  of  which  has  not  yel 
been  ascerlaiiied.  Water  has  no  action  on  it ;  but  alcohol, 
by  long  digestion,  dissolves  about  one  eighth  of  tlt&ambei, 
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and  forms  a  coloured  solution,  which  ■when  concentrated  be- 
comes milky  when  mixed  with  water.  The  residuum  of 
the  amber  ia  not  acted  on  by  alcohol.  Tliough  amber  be 
roasted  before  the  action  of  tlie  alcohol,  the  tincture  is  still 
formed.  Hence  we  learn  that  the  resinous  part  of  amber  is 
not  expelled  by  a  melting  heat. 

The  H  eaker  acids  have  no  action  on  amber.  Sulphuric 
acid  converts  it  into  a  black  resinous  mass.  Nitric  acid  acts. 
upon  it;  when  assisted  by  heat,  nitrous  gas  is  emitted. 

Neither  fixed  nor  volalile  oils  have  any  action  on  amber 
unless  it  has  been  previously  roasted  or  exposed  to  a  melting 
heat.  When  thus  treated,  it  combines  with  oils,  and  Ute  so- 
lution forms  amber  varnish.  The  process  recommended  by 
Njstrom  is  this :  Amber  is  to  be  spread  on  a  flat-bottumed 
iron  pan,  and  placed  on  an  equal  coal  fire  till  il  melt ;  it  is 
then  to  be  withdrawn,  covered  with  a  plate  of  copper  and 
iron,  and  allowed  lo  cool.  If  the  process  be  pyiperly  con- 
ducted, the  amber  will  have  lost  half  of  its  weight.  If  the 
fire  be  too  strong,  the  amber  will  be  scorched  and  rendered 
useless.  If  it  be  too  low,  tlie  amber  will  not  melt,  but  be  re- 
duced to  a  brown  ciust,  which  answers  well  enough  fur  h 
vamsh,  provided  it  be  exposed  to  heal  till  it  is  reduced  to 
one  half  of  the  original  weight.  One  part  of  this  roasted 
amber  is  to  be  mixed  witli  three  parts  of  the  linseed  oil 
(rendered  drying  by  litharge  and  white  vitriol),  and  the  mix- 
ture exposed  to  a  gentle  beat  till  the  amber  is  dissolved  :  it 
is  then  to  be  withdrawn  from  the  lire,  and  when  nearly  cold 
four  parts  of  oil  of  turpentine  are  ti/  be  added,  llie  whole 
is  tlien  allowed  lo  settle,  and  the  clear  portion  is  pnsEed 
through  a  linen  cloth. 
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OF    GUAIACUM. 

This  substance  is  obtained  from  the  guaincnm  officimk, 
a  tree  which  is  a  native  of  the  West  Indies,  and  yields  a  very 
hard  heavy  wood.  The  resin  exudes  spontaneously,  and  is 
also  driven  out  artificially  by  heating  one  end  of  the  wood 
in  billets  previously  bored  longitudinally  ;  the  melted  resin 
runs  out  at  die  extremity  farthest  from  the  fire.  This  sub- 
stance has  been  used  in  medicine  for  a  considerable  time, 
havuig'  been  originally  recommended  in  venereal  diseases. 
Nothing  is  known  concerning  its  original  introduction  into 
Europe.     • 

It  was  considered  by  chemists  as  a  resin,  till  Mr  Hat- 
chett  observed,  that  w^hen  treated  with  nitric  acid  it  yielded 
products  very  different  from  those  of  the  resinous  bodies. 
This  induced  Mr  William  Brande  to  "  examine  its  chemical 
properties  in  detail. 

Guaiacum  is  a  solid  substance,  resembling  a  resin  in  ap- 
pearance. Its  colour  differs  considerably,  being  partly 
brownish,  partly  reddish,  and  partly  greenish ;  and  it  always 
becomes  green  when  left  exposed  to  the  light  in  the  open 
air.  It  has  a  certain  degree  of  transparency,  and  breaks  with 
a  vitreous  fracture.  When  pounded  it  emits  a  pleasant  bal- 
samic smell,  but  has  scarcely  any  taste,  although  when 
swallowed  it  excites  a  burning  senisation  in  the  throat. 
When  heated  it  melts,,  and  diffuses  at  the  same  time  a  pretty 
strong  fragrant  odour-     Its  specific  gravity  is  1-2289' 

When  guaiacum  is  digested  in  w  ater  a  portion  of  it  is  dis- 
solved, the  water  acquiring  a  greenish  brown  colour  and  a 
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sweetish  taste.  The  liquid,  when  evaporotcd,  leaves  abiowD 
substance  which  pos.sesses  the  property  of  extractive. 

Alcohol  dissolves  guaiaciim  with  facility,  and  forms  a 
deep  brown  coloured  solution.  Water  renders  this  solution 
milky  by  separating  the  resin.  Muriatic  acid  throws  down 
the  guaiacuni  of  an  ash  grey,  and  sulphuric  acid  of  a  pale 
green  colour.  Acetic  acid  and  the  alkalies  occasi/ju  no  pre- 
cipitate. Li<iuid  oxymuriatic  acid  throws  it  down  of  a  fine 
pale  blue,  which  does  ixjt  change  when  dried.  Diluted  ni- 
tric acid  occasions  no  change  at  first ;  but  after  some  hours 
die  liquid  becomes  green,  then  blue,  and  at  last  brown,  and 
at  that  period  a  brown  coloured  precipitate  falls  down.  If 
water  be  n]i:£ed  witli  the  liquid  when  it  has  assumed  a  green 
t)r  a  blue  colour,  green  and  blue  precipitates  may  be  respec- 
tively obtained. 

Sulphuric  ether  does  not  act  so  powerfully  on  guaiacuni 
as  alcohol.  The  solution  obtained  by  means  of  it,  exhi- 
bits the  same  properties  vtheii  treated  with  re-age[ils  as  tliut 
in  alcohol. 

The  alkaline  solutions,  both  pure  and  in  the  state  of  car- 
bonates, dissolve  guaiacum  with  facihty.  Two  ounces  of 
a  staturated  solution  of  potash  dissolved  about  Q5  grains  of 
guaiacum  ;  the  same  <)uantity  of  ammonia  only  2.5  grains  ;  or 
guuiacum  dissolves  in  about  1  j  parts  of  potaish  and  35  parts 
of  ammonia. 

^ Most  of  the  acids  act  upon  guaiacum  with  coi»idemb!e 
Sulphuric  acid  dissolves  it,  and  forms  a  deep  red  liquid, 
which  deposiles  «hJe  fresh  a  lilac-colouicd  precipitate  when 
mixed  with  water.  When  heat  is  uj)plied  ihe  guaiacum  is 
charred. 

Nitric  acid  dissolves  guaiacum  completely  without  the  as- 
sistiuice  of  heat,  and  witli  a  strong  efifervesceute.  A\'licn  the 
wlution  IS  evaporated,  it  vields  a  very  large  quantity  of  os«- 
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lie  acid.  No  artificial  tannin  appesurs  to  be  formed,  but  r^ 
tfaer  a  substance  possessing  the  properties  of  extractive.  Di- 
luted nitric  acid  converts  guaiacum  into  a  brown  substance^ 
similar  to  the  precipitate  obtained  by  nitric  acid  from  the 
the  alcoholic  solution  of  guaiacum«  This  brown  matter  pos- 
sesses the  properties  of  a  resin. 

Muriatic  «cid  acts  butslightly,  as  the  guaiacum  soon  meld 
into  a  blackish  mass,  which  is  not  acted  upon. 

When  guaiacum  is  distilled,  100  parts  of  it  yielded  to  H^ 
Brande  the  following  products  : 

Acidulous  water 6*5 

Thick  brown  oil  .  . 24'S 

Thin  empyreumatic  oil 30*0 

Charcoal ,.,...,.,  30*5 

Gasses,  consisting  of  carbonic  acid 
and  carbureted  hydrogen    ....     9*5 


1000 
The  coal  when  incinerated  left  three  grains  of  lime,  but 
no  alkaline  substance. 


CHAP.  XXV. 


OF   BALSAMS. 


The  term  balsam  or  balm  was  originally  confined  td  « 
thick  fragrant  juice  obtained  from  the  amyris  gtUadmi^ 
and  afterwards  applied  by  chemists  to  all  substances  which 
possess  the  same  degree  of  consistence  and  a  strong  smell, 
whether  natural  or  artificial.  Bucquet  restricted  the  terai 
to  those  resinous-like  substances  which  yield  benzoic  acid* 
when  heated.  This  new  meaning  of  the  word,  which  has 
been  adopted  by  chemists  in  general,  has  introduced  iutQ  die 
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class  of  b^sams  several  substanrea  which  were  formerly  con- 
sidered as  resins.  The  word  balsam  originally  implied  s 
substance  possessing  a  certain  degree  of  fluidity ;  but  now  . 
tliere  are  two  classes  of  balsams  j  llicone  fluid,  and  the  other 
««lid  and  brittle. 

A  balsam,  then,  is  a  substance  which  possesses  the  gene- 
ral properties  of  a  resin  ;  but  which,  when  licated  or  digested 
in  acids,  yields  a  portion  of  benzoic  acid.  Chemists,  in  ge- 
Xieral,  have  considered  them  as  combmations  of  a  resin  with 
Inenzoic  acid ;  but  Mr  Uatchett  has  made  it  probable,  that 
the  acid  is  formed  at  the  time  of  its  separation. 

They  arc  insoluble  in  water ;  but  when  boiled  in  that  li- 
quid often  give  out  a  portion  of  benzoic  acid.  Alcohol  aind 
elher  dissolve  them  readily.  Tlie  strong  acids  likewise  dis- 
solve them ;  and  during  the  solution  a  portion  of  benzoic 
acid  is  separated.  Nitric  ^cid,  in  some  cases,  evolves  like- 
wise traces  of  prussic  acid.  The  alkalies  act  upon  theiq 
nearly  as  on  the  resins.  They  may  be  divided  into  two 
classes ;  namely,  lit[uid  and  solid  balsams. 


] .  Liquid  Balsams. 


Tlie  liquid  balsams  at  present  known  are  four  in  number: 
namely, 

1.  Copaiva  3.  Peru 

2.  Toln  4.  Styras. 

1.  Copaiva.— Thh  balsam  is  obtained  from  the  copaifera 
(ifficinalii ;  a  tree  which  grows  in  South  America,  and  some 
of  the  West  India  islands.  It  e.fudcs  from  uicisions  made  in 
the  trunk  of  the  tree.  The  juice  tlias  obtained  is  transpa- 
rent, of  a  yellowish  colour,  an  agreeable  smell,  a  pmigent 
taste,  at  first  of  the  consistence -of  oil,  but  it  gradually  be- 
comes as  thick  as  honey.  Its  specific  gravity  is  O'Q^O.  When 
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mixed  with  water  aud  distilled^  there  comes  over  with  die  li- 
ter a  very  large  quantity  of  volatile  oil.  The  residuum  o»l'! 
sists  of  two  substances ;  namely,  the  watery  portion,  andil^ 
greyish  yellow  subststnce,  lying  at  the  bottom  of  the  vessd^l* 
which,  on  exposure  to  the  air,  dries,  and  becomes  britde  I  ^ 
and  transparent.  When  heated  it  melts,  and  possesses  tb  1^ 
characters  of  a  resin.  When  distilled  it  yielded  a  yeUowkk  W* 
thick  oil,  some  acidulous  thick  water,  and  a  gas ;  one-flixtk  |^ 
of  which  was  carbonic  acid,  and  the  remainder  seemed  to  |^ 
possess  the  characters  of  olefiant  gas.  From  these  fadSi 
which  have  been  long  known,  it  was  concluded,  that  copaiia 
is  a  compound  of  a  resin  and  a  volatile  oil,  which  passes  over 
at  a  heat  inferior  to  that  of  boiling  water ;  but  the  experi- 
ments of  Schouberg  have  rendered  it  much  more  probable, 
that  the  balsam  is  decomposed  when  distilled  along  with  ni- 
ter, and  diat  bodi  the  oil  and  resin  are  new  products. 

Whether  this  balsam  yields  benzoic  acid  has  not  been  as* 
certained.  Its  properties  are  rather  against  the  probability 
of  its  doing  so.  Indeed  it  bears  a  striking  resemblance  to  tur- 
pentine in  many  respects  ;  and  ought,  along  with  it,  to  con- 
stitute a  class  of  bodies  intermediate  between  volatile  oils  and 
resins,  to  which  the  name  of  turpentines  might  be  given. 

Bakmnof  Tolu, — ^Tliis  substance  is  obtained  from  the 
ioluifera  balsamum,  a  tree  which  grows  in  South  America. 
The  balsam  flows  from  incisions  made  in  the  bark.  It  comes 
to  Europe  in  small  gourd  shells.  It  is  of  a  reddish  brown  co- 
lour and  considerable  consistence ;  and  when  exposed  to  the 
«ir,  it  becomes  solid  and  brittle.  Its  smell  is  fragrant,  and 
continues  so  even  after  the  balsam  has  become  thick  by  age. 
When  distilled  with  water,  it  yields  very  little  volatile  oil,  but 
impregnates  the  water  strongly  with  its  taste  and  smell.  A 
quantity  of  benzoic  acid  sublimes^  if  the  disillation  be  conti- 
nued. 
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Saham  of  Pcrw^— This  substance  is  obtained  from  tb« 
vnyroxi/ion  peruifertim,  wbich  grows  id  the  warm  parts  of 
Suulb  America.  The  tree  is  full  of  resin,  and  tlie  biJ3.-ini 
»  obtained  by  boiling  the  twigs  iii  water.  It  has  the  con- 
■isteiicy  of  honey,  a  brown  colour,  an  agreeable  smell,  and  a 
liot  acrid  taste.  When  boiled  witli  water  for  some  time,  tUc 
liquid  separated  by  die  filter  reddens  vegetable  blues,  and  de- 
posits crystals  of  benzoic  acid  on  cooling.  The  water  con- 
tains no  other  substance.  When  distilled  with  water, it yieldf 
a  very  small  quantity  of  reddish  limpid  oil. 

4.  Sli/rar. — ^'his  is  a  semifluid  juice,  said  to  be  obtained 
from  the  Uquklninfinf  stj/rariflii((,  a  tree  wbich  grows  in  Vii- 
giiiia,  Mexico,  and  some  other  parts  of  America,  It  is  pre- 
pared according  to  Mr  Petiver,  in  the  island  of  Cobross  in 
the  Red  Sea,  from  the  bark  of  a  tree  called  rosn  ma/kis  by 
the  natives,  and  considered  by  botanists  as  the  xame  nidi  the 
Aiuer  ican  species.  Tlie  bajk  of  this  tree  is  boiledin  sail  water 
to  the  consistence  of  bird-lime,  and  then  put  into  cabks.  lu 
cotour  u  greenish,  its  taste  aroma  lie,  and  its  smell  agreeable. 
It  is  easily  volatilized  bj  Jieat.  When  lieated  with  water, 
benzoic  acid  is  dissolved.  It  is  totally  soluble  in  alcohol  ex- 
cept the  impurities.  When  exposed  to  the  air  it  btcomes 
harder,  and  absorbs  oxygen.  When  distilled,  it  yields  an 
acidulous  water,  having  the  odour  of  benzoic  acid,  a  limpid 
colourless  hot  oil,  a  solid  colouied  oil,  benzoic  acid,  and  a 
mixture  of  carbonic  acid  and  carbureted  hydrogen.  The 
charcoal  is  light,  and  coutains  some  oil. 


I  The  solid  balsams  at  present  known  arc  only  three  innuiu- 
iamely, 
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■ 

111'- 

^^K                            S.  Storax 

1 

^^^                            3.  Dragon's  blood. 

"  1 .  Benzoin. — This  substance  is  the  produce  of  the  slfia 
benzoe,  a  tree  which  grows  in  Sumatra,  &c.     Benioiu  isub 

tained  from  this  tree  by  incision  ;  a  tree  yielding  thteeorfou 
pounds.    It  is  a  solid  brittle  substance,  sometimes  in  the  fon 

1 

of  yellowish  white  tears  joined  together  by  a  brown  subslaow 
and  sometimes  iu  itie  form  of  a  brown  substance  not  uulil 
common  rosin.     It  ha*  a  very  agreeable  smell,  which  is  i 
creased  by  heating  die  beuzuin.     It  has  little  taste,     llssp 
eific  gravity  is  1-002. 

Cold  water  has  very  little  effert  on  benzoin,   but  btuti 

i 

water  takes  up  a  portion  of  benzoic  acid. 

Alcohol  dissolves  it  when  assisted  by  a  gentle  heat,  i 
furais  a  deep  yellow  solution   inclining    to  reddish  1 
When  this  solution  is  diluted  with  water,  the  benzoin  [ 
pitates  in  the  form  of  a  white'  powder. 

Ether  dissolves  benzoin  with  facility,  and  the  solutioa  with 
re-agents  exhibits  tlic  same  phenomena  as  the  alcoholic. 

Nitric  acid  acts  with  violence  on  benzoin,  and  convert 
iutoan  oiange-colourcd  mass.  When  assisted  by  heat,  d 
»cid  dissolves  the  benzoin ;  and  as  the  solutioa  cook,  crystli 
of  benzoic  acid  gradually  separate. 

Sulphuric  acid  dissolves  benzoin,  while  benzoic  add  ■ 
blimes  ;  the  solution  is  at  first  a  deep  red.  By  continuii^ 
the  digestion,  a  portion  of  artificial  tannin  is  formed,  and  dl 
ciiarcoal  evolved  amounts  'to  0'4S  of  the  benzoin  dissolved.  ] 

Acetic  acid  dissolve!  benzoin  without  the  assistance  of  he 
When  heat  is  applied,  the  solution,  as  it  cools,  becomes  t 
bid ;  owing  to  the  separation  of  benzoic  acid. 

Benzoin  is  dissolved  by  a  boiling  lixivium  of  the  fixed  i 
katies ;  a  dark  brown  solution  is  foimedj  which  becomes  to 


VKlAF.  XXV. 

**ld  after  some  days  exposure  lo  the  air.     Aininoiija  likewis* 
^^LbsoIvcs  benzoin  sjjariugly. 

;  ^Vheii  Mr  Braiide  exposed  100  grains  of  Ijenzoin  in  a  re- 
>  a  heat  gradually'  raised  to  redness,  the  products  were, 

Benzoic  acid y-0 

Acidulous  water 5'5 

Butyraceous  and  enipyminiatic  oil  .     .  GO'O 

Charcoal 22-0 

Carbureted  hydrogen  aud  carbonic  acid      3'5 


lOO'O 
f  S.  Storax — ^Tliis  is  tlie  most  fragrant  of  all  tlie  balsams, 
ia  obtained  from  the  sti/rax  nffictua/is,  a  tree,  which  grow* 
I  the  Levant,  and  it  is  said  also  in  Italy.  Sometimes  it  is 
I  the  state  of  red  tears  ;  and  this  is  said  to  be  the  state  in 
puch  it  is  obtained  from  the  tree.  But  common  storax  is 
large  caketi ;  brittle,  but  soft  to  tlie  touch,  and  of  a  reddJiJi 
}ur.  This  is  more  fragrant  than  llie  other  sort, 
nigh  it  contains  a  considerable  mixture  of  saw-duiit.  Itdis- 
IllTes  in  alcohol.  When  distilled  with  alcohol  or  with  w»- 
;  scarcely  an^  oil  is  obtained.  When  distilled  by  the  na- 
i  lire,  it  secnis  from  the  experiments  of  Neumann,  to  yield 
Ae  same  products  as  benzoin, 

3.  Dragon's  bloixl — lliis  is  a  brittle  substance  of  u  dark 
red  colour,  which  comes  from  the  East  Indies.  There  are 
t\vo  sorts  of  ri;  one  in  small  ovaldr6ps  or  tears  of  a  fiue  do^ 
red,  which  becomes  crimsoji  when  tlie  tears  are  reduced  to 
powdei  i  die  other  is  in  larger  masses,  some  of  which  arc 
pale  red,  and  others  dark.  It  is  probably  obtained  from  dit- 
ferent  kinds  of  trees;  tlie  calamus  draco  is  said  to  furnish 
most  of  what  comes  from  India.  Tlie  dracaita  draco  aud 
the  ptencarpus  draco  are  also  said  to  furnish  it. 

Dragon's  blood  is  brittle  and  tasteless,  aud  haa  no  sensible 
Knell.     ^Vater  does  not  act  upon  it,  bnt  alcohol  dissolves  tl» 


SS%  VEGETABLE  SUBSTANCES.  Wir.  IT. 

greatest  part,  leaving  a  \^'Iiitish  red  substance^  partially  acted 
ii{>oii  by  \\  ater.     The  solution  has  a  fine  deep  red  coloorf 
'ivhich  stains  marble,  and  the  stain  penetrates  the  deeper  the 
hotter  the  inarl)Ie  is.     It  dissolves  also  in  oils,  and  gives  them 
a  d«ep  red  colour.     When  heated  it  melts^  catches  flame, 
and  emits  an  acid  fume  similar  to  that  of  benzoic  acid.  When 
digested  with  lime,  a  portion* of  it  becomes  soluble  in  water, 
and  it  acquires  a  balsamic  odour.     On  adding  muriatic  acid 
to  tlie  solution,  a  red  resinous  substance  is  precipitated,  and 
slight  traces  of  benzoic  acid  only  become  perceptible.    Ni- 
tric acid  acts  upon  it  with  energy,  changes  it  to  a  deep  yel- 
low, a  portion  of  benzoic  acid  is  sublimed,  aud  a  bro\iii  mass 
remains  soluble  in  water,  and  possessing  the  properties  of  ar« 
tiiicial  tamiiu. 


CHAP.  XXVI. 


OF  CAOUTrUOVC. 


ATjout  the  beginning  of  the  IStJi  century,  a  substance  call- 
cd  <aoulckoHc  was  brought  as  a  curiosity  from  America. 
It  was  soft,  wonderfully  elastic,  and  very  combustible.  Tbc 
pieces  of  it  that  came  to  Europe  were  usually  in  the  shape 
of  bottles,  birds,  Sec.  This  substance  is  very  much  used  iu 
rubbing  out  the  marks  made  upon  paper  by  a  black  lead 
pencil ;  and  therefore  in  this  country  it  is  often  called  Indian 
rubber. 

It  is  now  known  that  there  arc  at  least  two  trees  iu  Soud» 
America  from  which  caoutchouc  may  be  obtained;  the  hsr 
vea  caoittchom-f  and  the  jatropha  elastica ;  and  it  is  exceed- 
ingly probable  that  it  is  extracted  also  from  oilier  species  of 
Aoixea  Viudjairopha.  Several  trees  likewise  which  grow  in 
the  East  ludics  yield  caoutchouc ;  the  principal  of  these  arej^ 
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tyjuus  indicii,  tlie  artocarpua  iiilcgrifoiiu,  and  the  iircfda. 

\\  hen  any  of  these  plants  are  punctured,  there  exudes  from 
a  milky  juice,  which,  M'hen  exposed  to  the  air,  gradually 
ts  full  a  concrete  substance,  which  is  caoutchouc. 

If  oxymiiriatic  acid  be  poured  into  ihe  milky  juice,  the 
lontchouc  precipitates  immediately,  and  at  the  same  time 
e  acid  loses  its  peculiar  odour.  Tiiis  renders  it  probable 
at  the  formation  of  the  caoutchouc  is  owing  toitsbasiif  ab- 
irbing  o\vgeii.  If  the  milky  jufce  be  confined  in  a  glass 
:sael  containing  common  air,  it  gradually  absorbs  oxygen, 
icl  a  pellicle  of  caoutchouc  appears  on  its  surface. 

Caoutchouc,  when  pure,  is  of  a  white  colour,  and  mtliout 
ither  taste  or  smell.  The  blackish  colour  of  the  caout- 
houc  of  commerce  is  owing  to  the  method  employed  in  dij- 
)g  it  after  it  has  been  spread  upon  moulds.  Tlie  usual  way 
>  to  spread  a  Ihia  coat  of  t)ie  milky  juice  upon  the  mould, 
Hd  then  to  dry  it  by  exposing  it  to  smoke  ;  afterwards  aiio- 
icr  coat  is  spread  on,  which  is  drieil  in  the  same  way.  Thua 
ne  caoutchouc  of  commerce  consists  of  uunierous  layers  of 
'lire  caoutcliouc  alternating  witli  as  many  layers  of  soot. 

Caoutcliouc  is  soft  and  pliable  like  leather.  It  is  exceed- 
igly  elastic  and  adhesive  ;  so  that  it  may  be  forcibly  slretch- 
il  lut  much  beyond  its  usual  leugtli,  and  instantly  recover 
a  farmer  bulk  when  the  force  is  wiriidrawn.  It  cannot  ba 
rukeii  without  very  considerable  force.     Its  specific  gravity 

Caoutchouc  is  not  altered  by  exposure  to  the  air  ;  it  is  per- 
Ectly  insoluble  in  water ;  but  if  boile<l  for  some  time  its  edgci 
icconie  somewhat  transparent,  owing  undoubtedly  to  the  wh_ 
er  carrjing  off  the  soot ;  and  so  soft,  that  when  two  of  tliera 
ire  pressed  and  kept  together  for  some  time,  tfaey  adhere  as 
Josely  as  if  they  formed  eiie  piece.     By  this  contrivauc* 
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pieces  ofdoulclioiicmay  be  soldered  together,  and  thus  made 
to  assume  wliatever  shape  we  please. 

Caoiitchdiic  is  iiisohible  in  alcohol.  This  property  wss 
discovered  very  early,  and  fully  confirmed  by  die  experimentt 
of  Mr  Macitier.  Tlie  alcohol,  however,  renders  it  colour- 
less. 

Caoutchouc  13  soluble  in  ether.  Tliis  property  was  first 
|>oiiited  out  by  Macqiier.  Bemiard,  on  the  contrai^,  found 
that  caoutclioue  was  scarcely  soluble  at  all  in  su))ihuiic 
ether,  which  was  the  ether  used  by  Macquer,  and  Uiat  even 
mlric  ellicr  was  but  an  imperfect  solvent.  The  differeuce  in 
tlie  results  of  these  two  chemists  was  very  singular;  boA 
were  remarkable  for  their  accuracy,  and  both  were  too  n-ell 
acquainted  with  tlie  subject  to  be  easily  misled.  The  mat- 
ter was  first  cleared  up  by  Mr  Cavallo.  He  found  tW 
tdicr,  when  newly  prepared,  seldom  or  never  dissolved' 
caoutchouc  completely;  but  if  the  precaution  was  taken  U> 
«ash  the  elher  previously  in  water,  it  afterwards  dissolved 
caoutchouc  with  facilit}'. 

When  the  ether  is  evaporated,  the  caoutchouc  is  obtatned* 
unalU'rcd.  Caoutchouc,  therefore,  dissolved  iu  ether,  may  be 
employed  to  make  instruments  of  different  kinds,  just  as  ri» 
milky  juice  of  the  katca ;  but  this  method  would  be  a  great 
deal  too  expensive  for  common  use. 

Caoutchouc  is  soluble  in  volatile  oils ;  but,  in  genenli 
when  these  oils  are  evaporated,  it  remains  somewhat  glali- 
nous,  and  therefore  is  scarcely  proper  forihose  uses  b>  wfaiclit 
before  its  solutiou,  it  was  so  admirably  adapted. 

The  acids  act  but  feebly  upon  caoutchouc.  Sulphiiflc. 
acid,  e\eu  after  a  long  digestion,  only  chars  it  superficially> 
When  treated  witli  nitric  acid,  tliere  came  over  azotic  (pft 
carbonic  acid  gas,  prussic  acid  gas ;  and  oxalic  acid  is  aii 
to  be  formed.  Muriatic  acid  does  uot  affect  it.  Tlieolfcw 
acids  have  not  bpcu  tried. 
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^abroni  has  discovered,  that  rectified  petroleum  dissolves 

land  leaves  it  unaltered  when  evaporated. 
iVheii  exposed  to  heat  it  readily  melts  ;  but  it  never  af- 
wards  recovers  its  propeitieg,  but  continues  always  of  the 
Bsisteitce  of  tar.  It  bums  very  readily  with  a  bright 
me,  and  difTuses  a  fetid  odour.  la  those  countries  where 
B  produced,  it  is  often  used  by  way  of  candle. 

I  When  distilled  it  gives  out  ammonia.     It  is  evident  from 
from  the  effect  of  sulphuric  and  nitric  acid  upon 

\f  that  it  is  competed  of  carbon,  hydrogen, azote,  and  oxygen; 

■Itthe  manner  in  which  they  are  combined  is  unknown. 
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\  This  class  of  vegetable  substances  has  been  long  distin- 
fished  by  physicians  and  aputliecaries  It  contains  many 
active  substances  much  employed  iii  medicine ;  aud  llicy  cer- 
tainly possess  a  sufficient  number  of  peculiar  properties  to 
entitle  them  to  be  ranked  apart.  Unforiui^tely  ibese  sub- 
stances have  not  yet  attracted  much  of  the  attention  of  che- 
mists. Their  properties  and  constituents  of  course  are  but 
imperfectly  ascertained. 

They  are  usually  opaque,  or  at  least  their  transparency  is 
inferior  to  that  of  the  resins.  Tbey  are  always  solid,  and 
mosi  commonly  brittle,  and  have  sometimes  a  latty  appear- 
ance. 

When  heated  they  do  not  melt  as  the  resins  do;  neither 
are  ihej  so  combustible.  Heat,  however,  commonly  softens 
them,  and  causes  them  to  swell.     They  burn  with  a  flame. 

They  have  almost  always  a  strong  smell,  which  in  several 
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instances  is  alliactons.    Their  taste  also  is  often  acrid,  and 
always  much  stronger  than  that  of  the  resins. 

Tbey  are  partially  soluble  in  water;  but  the  solution  jl 
always  opacjite,  and  usually  milky. 

Alcohol  dissolves  only  a  portion  of  them.     The  aolutii 
is  transparent;  but  when  diluted  with  water  it  becomes  milky: 
yet  no  precipitate  falls,  nor  is  any  thing  obtained  by  tiilering, 
the  solution. 

Vuiegar  and  wine  likewise  dissolve  tliem  partially ;  antl 
the  solution,  like  the  aqueous,  is  opaque  or  milky. 

According  to  Hernibstadt,  tliey  are  insoluble  iu  5ulph)ir 
ric  ether. 

The  action  of  alkalies  on  them  has  been  examined 
by  Mr  Hatchett.    All  of  them  tried  by  tliat  celebrated 
milt  dissolved  readily  in  alkaline  solutions  when  assisted  hj 
heat.     We  may  therefore  consider  them  as  soluble  in  alkalies 
like  resinS. 

Nitric  acid  acts  upon  tliem  with  energy;  converting  them 
lii'st  into  a  brittle  mass,  anil  then,  witli  the  assistance  of  heal, 
dissolving  them. 

Their  specific  gravity  is  usually  greater  than  that  of  tlit 
-resms. 

Their  other  properties  still  continue  unknown.     They  all 
either  exude  spontaneously  from  plants,  or  are  obtained 
incisions.     At  first  they  seem  to  be  in  a  liquid  state; 
tliey  gradually  harden  when  exposed  to  the  air  and  weatbei 

'ITie  gum  resins  which  have  been  hitherto  applied  to  anj 
useful  purpose  arc  the  following : — 

1,  Galbanum.  It  is  obtained  from  the  biibon  galhanWi- 
a  perennial  plant,  and  a  native  of  Africa.  When  this  plan' 
is  cut  across  a  little  above  the  root,  a  milky  juice  flows  oul, 
which  soon  hardens  and  constitutes  galbanum.  It  comes  tp 
this  country  from  the  Levant,  in  small  pieces  composed  « 
ttara^  agglutinated  together,  of  a  yellowish  or  white  colour. 
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I  taste  is  acrid  and  bitter,  aud  its  smell  peculiar.     Water^ 
■,  and  wine,   dissiilve   part  of  ir,  but  the  solution  is 

Alcohol  dissolves' about  three-fifths. 
tmmomac. — Tliis  substance  is  brought  from  the  East 
Nothing  certain    is   known  concerning    the  plant 
pdch  jii-'!ds  it ;  tiiough  from   analogy  it  has  been  suspected 
species  ot  ferula.     It  is  in  small  pieces  agglutinated 
tgetlier,  and  has  a  yellowish   white   colour.     Its  smell  is 
bmewhat  like  that  of  galbauum,  but  more  pleasant.     Its 
pste  is  a  nauseous  sweet  mixed  wilh   bitter.     It,  does  not 
|elt.    Water  dissolves  a  portion  of  it ;  the  solution  is  milky, 
t  gradually  lets  fall  a  resinous  ptirtion^     More  than  one- 
s  soluble  in  alcohol.     This  portion  is  a  resin. 
L- According  to  the  analysis  of  Braconnot  ammouiac  is  com' 
iJSed  of  the  following  ingredients ; 
70  0  resin 
13' 4  gum 
4'4  glutinous  matter 
(iO  water 
1'2  Idas 


3,  Olibamm — This  substance  is  obtained  from  the  juiii- 
perus  l^da,  and  is  chiefly  collected  in  Arabia.  It  is  the 
frankincense  of  the  ancients.  It  is  in  transparent  brittle 
masses  about  the  size  of  a  chesnut.  Its  colour  is  yellow. 
It  has  a  bitterish  nauseous  taste ;  and  when  burnt  diffuses 
an  ai^eeable  odour.  Alcohol  dissolves  three-fourths  of  it ; 
aud  water  about  three- eighths. 

4.  AsafiKlida. — ^Tliis  substance  is  obtamed  from  the  ferw 
la  asafa-thla,  a  perennial  plant  which  is  a  native  of  Persia. 
When  tlie  plant  is  about  four  years  old,  its  roots  are  dug  up 
and  cleaned.  Their  extremity  being  then  cut  oflT,  a  milky 
juice  esudcs,  which  is  collected.     Then  another  portion  a 
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cut  off,  and  more  juice  exudes.     This  is  continued  till  a 
roots  are  exhausted.     The  juice  Uiua  collected  so 
and  constitutes  amfalida.     It  comes  to  Europe  m  s 
grains  of  difTerent  colours,  whitish,   reddish,  violet,  bro 
Pretty  hard,  but  brittle.     Its  taste    is  acrid  and   bitter;  i 
smell   strongly    allicaceous    and    fetid.       Alcohol   dissolfi 
about  three-fourths  of  this  substance  ;  and  water  takes  ^ 
nearly  one-fourth  if  applied  before  the  spirit. 

3.  5cflmpwH^.— This  substance  is  obtained  from  the  ««■  1 
volvtilns  scami/ionia,  a  climbing  plant  which  grows  in  S^  l\ 
ria.     The   roots  when  cut  yield  a  milky  juice.     Thb  whs 
collected  and  allowed  to  harden  constitutes  scammony. 
lour  dark  grey  or  black.    Smell  peculiar  and  nauseous: 
bitter  and  acrid.     With   water  it  forms  a  greenish-colour 
opaque  liquid.     Alcohol  dissolves  the  greatest  part  of  it. 
is  usually  mixed  with  the  expressed  juice  of  the   root,  i 
frequently  also  with  other  impurities,  which  alter  its  appear- 
ance.    In  medicine  it  operates  as  a  strong  cathartic. 

6.  Opopotiax — ^This  substance  is  obtained  from  the  pns- 
linara  opopn/inx,  a  plant  which  is  a  native  of  the  countries 
round  the  Levant.  The  gum  resin,  like  most  others,  is  ob- 
tained by  wounding  the  roots  of  the  plant.  The  milky  juice, 
when  dried  in  the  sun,  constitutes  the  opoponax.  It  is  ■ 
lumps  of  a  reddish  yellow  colour,  and  while  within.  Sm 
|)eculiar.  Taste  bitter  and  acrid.  With  water  it  fonns  mM 
milky  solution,  and  about  one-half  of  it  dissolves.  A/cohtJ  '\ 
acts  but  feebly. 

7.  Gamboge  or  Gumgult.—^h'ls  substance  is  obtainedv 
from  the  slalagmitU  gambogiuidis,  a  tree  which  grows  y, 
in  the  East  Indies.  In  Siara  it  is  obtained  in  drops  b 
wounding  the  shoots ;  in  Ceylon  it  exudes  from  wounds  fl 
the  bark.  It  is  brought  to  Europe  in  lai^e  cakes.  Its  C 
lour  is  yellow ;  it  is  opaque,  brittle,  and  breaks  vitreoUL  I 
It  has  no  smell;  and  very  little  taste.    WiUi  water  it  fon 
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■  yellow  turbid  liquid.     Alcohol  dissolves  it  almost   com- 
Kpletely  ;  and  when  mixed  with  water  becomes  turbid,  unle 
the  solution  contains  ammonia. 

Braconnet  analysed  it,  and  found  it  composed  of  one  part 
of  a  gum  which  possessed  the  properties  of  cherry  tree  gum, 
and  four  parts  of  a  reddish  bnttle  resin  which  possessed  the 
characteristic  properties  of  llie  resins. 

8.  Myrrh. — ^The  plant  from  wliich  this  substance  is  ob- 
taiued  is  unknown.  If  we  believe  Bruce  it  belongs  to  the 
genus  of  mimosa.  It  grows  in  Abyssinia  and  Arabia.  It  is 
m  the  form  of  tears.  Colour  reddish  yellow ;  when  pure 
somewhat  transparent,  but  it  is  often  opaque.  Odour  pecu- 
liar. Taste  bitter  and  aromatic.  Does  not  meltwhen heat- 
ed, and  bums  with  difficulty. 

From  the  analysis  of  Braconnot  it  appeals  that  myrrh  is 
composed  of  about 

23  resin 
77  gum 

100 
Tlie  resin  is  reddish,  has  a  bitter  taste  and  the  peculiar  odour 
of  myrrh.  The  gmn  differs  in  its  properties  from  every 
other  gummy  substance  hitherto  examined.  It  has  a  dark 
brown  colour  ;  b  at  first  soluble  in  water,  but  by  boiling  tlie 
liquid,  or  by  exposing  tlie  gum  to  heat,  it  requires  cohesive 
properties,  and  becomes  insoluble  in  water.  When  distilled 
it  yields  ammonia,  and  when  dissolved  in  nitric  acid,  azotic 
gas  is  disengaged. 

It  deserves  attention,  that  the  gum  resins,  when  subjected 
to  destructive  distillation,  yield  all  of  them  a  portion  of  am- 
monia ;  a  proof  that  they  all  contain  azote.  In  this  respect 
they  agree  with  gum  and  extractive. 
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CHAP.  XXVIII. 


OF  COTXON. 


Cotton  is  a  soft  down  which  envelopes  the  seeds  of  variote 
plants,  especially  the  different  species  of  gossypiunij  froin 
which  the  cotton  of  commerce  is  procured.*  These  plants 
are  natives  of  warm  climates ;  grow  wild  in  Asia^  Africa,  and 
America,  within  the  tropics-;  and  are  cultivated  in  the  East 
and  West  InJies. 

Though  no  correct  chemical  investigation  of  the  propei^ 
ties  of  cotton  hasHiitherto  been  made,  yet  as  its  obvious  qua- 
lities distinguish  it  sufficiently  from  every  odier  vegetable  sub» 
stance,  we  must  consider  it  as  a  peculiar  vegetable  principle; 
and  I  have  introduced  it  here,  in  hopes  that  some  person  or 
other  will  be  induced  to  examine  its  nature  in  detail.  Th6 
following  are  the  particulars  at  present  known. 

This  substance  is  in  threads  differing  in  length  and  fine- 
ness. .No  asperities  can  be  discovered  on  the  surface  of  these 
threads ;  but  if  Lewenhoeck's  microscopical  observations  are 
to  be  trusted,  they  are  all  triangular,  and  have  three  shaq) 
edges.  Cotton  differs  considerably  in  colour;  but  when 
bleached  it  becomes  of  a  fine  white. 

Cotton  is  tasteless  and  destitute  of  smell.  It  is  conip/etc«» 
ly  insoluble  in  water,  alcohol,  ether,  and  oils,  and  in  all  the 
vegetable  acids. 

The  diluted  alkdine  leys  have  no  perceptible  action  on 
cotton ;  but  when  very  strong  they  dissolve  it  if  assisted  by  a 
sufficient  degree  of  heat.  The  new  products  obtained  by 
this  solution  have  not  been  examined. 

.jPotton  combines  readily  with  tannin,  and  forms  a  yellow 
or  brown  compound.    Hence  'the  infusion  of  galls,  and 
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dier  astringent  substances,  u  ofteu  used  as  a  niordant  for 
lotton. 
Nitric  acid  decomposes  cotton  when  assisted  by  beat,  and 
die  acid  is  formed ;  the  other  products  have  not  been  ex- 
Sulphuric    acid    likewise   chars  it.     Osymuriatic 
acid  gas  bleaches  it,  and  probably  alters  and  dissolves  it  when 
applied  in  a  concentrated  state. 

Cotton  is  e^Ltreniely  conibustible,  and  bums  with  a  clear 
lively  flame.  The  ashes  left  behind,  according  to  Neumann, 
contain  some  potish.  .When  distilled  it  yields  agreal  por- 
tion of  acidulous  water,  and  a  small  quantity  of  oil,  but  no 
ammonia. 


CHAPTER  XXIX. 


OF  SVBEH. 

This  name  has  been  introduced  into  chemistry  by  Four- 
croy,  to  denote  the  outer  bark  of  the  fjue/vus  sulier,  or  the 
common  cork  ;  a  subotance  which  possesses  properties  diffe- 
rent from  all  other  vegetable  bodies. 

It  is  exceedingly  light,  soft,  and  elastic  ;  very  combustible, 
burning  with  a  bright  white  flame,  and  leaving  a  light  black 
bulky  cliarcoal ;  and  when  distilled,  it  yields  a  little  am- 
monia. 

When  digested  in  water,  a^  yellowish-coloured  solution  is 
ebtained,  seemingly  containing  extractive,  as  nearly  the  same 
proportion  is  taken  up  by  alcohol.  Sulphuric  ucid  readily 
chare  it.  Nitric  acid  gives  it  a  yellow  colour,  corrodes,  dis- 
solves, and  decomposes  it ;  converting  it  partly  into  suberic 
acid,  partly  into  a  substance  resembling  was,  partly  into  ar* 
tiflcial  lannui,  and  partly  into  a  kind  of  starchj-  matter. 
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All  toees,  and  most  other  plants,  contain  a  particular  sub- 
stance well  known  by  tlie  name  of  wood.  .If  a  piece  of  wood 
be  well  dried,  and  digested,  first  in  a  sufficient  i^uanti^  ol' 
water  and  then  of  alcohol,  to  extract  from  il  all  the  substan- 
ces soluble  in  these  liquids,  there  remains  only  behind  ths 
waodifjibre.  .    m 

Tliis  substance,  which  constitutes  the  basis  of  wood,  Ht 
composed  of  longitudinal  fibres,  is  easily  subdivided  into  fti 
number  of  smaller  fibres.  It  is  somewhat  transparent;  in 
perfecty  tasteless ;  Has  no  smell ;  aiid  b  not  altered  by  expo- 
sure to  the  atmosphere. 

It  is  insoluble  in  water  and  in  alcohol.  The  fised  all»- 
lies,  when  assisted  by  heat,  give  it  a  deep  brown  colour,  rein, 
der  it  soft,  and  decompose  it.  A  weak  alkaline  aoluUondif«l 
solves  it  without  alteration  ;  and  it  may  be  thrown  down  aga 
by  means  of  an  acid.  By  diis  property  we  are  enabled 
separate  wood  from  most  of  the  otlier  vegetable  prindpli 
as  few  of  them  are  soluble  in  weak  alkaline  leys. 

When  heated,  it  blackens  without  melting  or  frothing  a 
and  exhales  a  disagreeable  acrid  fume,  and  leaves  a  cbarcOM. 
which  retains  exactly  the  form  of  the  original  mass, 
distilled  in  a  retort,  it  yields  an  acid  liquor  of  a  peculiar  tasi 
and  smell,  distinguished  by  the  name  of  pyroligHous,  and 
nierly  considered  as  a  distinct  acid ;  but  Fourcroy  and  \ 
queliu  have  lately  ascertained  that  it  is  merely  the  acetic 
i;ombbed  with  an  enipyreumatic  oil. 
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CHAP.  XXXI. 


OF  ALKALIES. 


The  only  alkalies  found  in  plants  are  potash  and  soda. 
Ammonia  may  indeed  be  obtained  by  distilling  many  vege- 
table substances,  but  it  is  produced  during  the  operation. 
One  or  other  of  these  alkalies  is  found  in  every  plant  which 
has  hitherto  been  examined.  The  quantity  indeed  is  usually 
very  small.  From  the  pxperimpnts  of  Vauquelin,  it  is  pro- 
bable that  the  alkalies  are  combined  in  plants  with  acetic  and 
carbonic  acids. 

1 .  Potash  is  fouiid  in  almost  all  plants  which  grow  at  a 
distance  from  the  sea.  It  may  be  extracted  by  burning  the 
vegetable,  waiihiiig  the  ashes  in  water,  filtrating  ihe  water, 
and  evaporating  it  to  dryness.  It  is  in  this  manner  that  all 
the  potash  of  commerce  is  procured. 

In  general,  three  times  as  much  ashes  are  obtained  from 
shrubs,  and  five  times  as  much  from  herbs,  as  from  trees. 
Equal  weights  of  the  branches  of  trees  produce  more  ashes 
than  the  trunk,  and  the  leaves  more  than  the  branches. 
Herbs  arrived  at  maturity  produce  more  ashes  than  at  any 
other  time.     Green  vegetables  produce  more  ashes  than  dry. 

2.  Soda  is  found  in  almost  all  the  plants  which  grow  in  the 
eea,  and  in  many  of  those  which  grow  on  tlie  shore.  In  ge- 
neral, the  quantity  of  soda  which  plants  contain  bears  a  much 
greater  proportion  to  their  weight  than  the  potash  does  which 
is  found  in  inland  vegetables.  100  parU  of  the  sakola  soda, 
for  instance,  yield  ly^St  of  ashes  ;  and  these  contain  1-993 
parts  of  soda ;  some  of  which,  however,  is  combined  with 
muriatic  acid.    The  plants  from  which  the  greater  part  of 
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the  soda,  or  hnrilha  as  it  is  called,  which  is  imported  fron 
Spain,  is  extracted,  are  the  sahola  saliva  and  vermicuhUt. 


CHAP.  XXXII. 


TTie  only  earths  hitherto  found  in  plants  are  the  fonr  fol- 
lowing '.  lime,  silica,  magnesia,  alumina. 

1 .  Lime  is  usually  the  mo^t  abundant  of  the  earths  o( 
plants,  and  the  most  generally  diflfused  over  the  vegetable 
kingdom.  Indeed  it  is  a  very  uncommon  thing  to  find  a 
plant  entirely  destitute  of  lime :  salsola  soda  is  almost  the 
only  one  in  which  we  know  for  certain  that  this  earth  doei 
not  exist. 

1.  Silica  exists  also  in  many  plants,  particularly  in  grasses  and 
equlsetums.  Mr  Davy  has  ascertained  that  it  forms  a  part 
of  the  epidermis,  or  outer  bark  of  these  plants  ;  and  that 
some  of  them  almost  the  nhole  epidermis  is  silica. 

3.  Magnesia  docs  not  exist  so  generally  in  the  vegetabb 
kingdom  as  the  tno  preceding  earths.  It  has  been  fouD^ 
however,  in  considerable  quantities  in  several  sea  plaQUi') 
especially  fuel ;  but  the  salsola  soda  contains  a  greater  pnh 
portion  of  magnesia  than  any  plant  hitherto  examined.  Mt 
Vauquelin  found  that  100  parts  of  it  contained  17-(^29  of 
that  earth.  . 

4.  Alumina  has  only  been  found  in  very  small  quantitii^ 
in  plants. 

Tlie  following  table  exhibits  the  quantity  of  eardis 
metallic    oxides  in  grains,  obtained  by  Schneder  from 
ounces  of  tlie'  seeds  of  the  following  kinds  of  com  ;  whi 
(tnticnm  ki/Oernumj,  rye  (seca/e  reivale),  barley   (Aoi 
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"Cuigare),  oats  (avena  sativii),  and  likewise  from  llie 
^'usDtity  of  rye  straw. 


i 

IV!,iaS 

Rye. 

BarLT, 

OuU.. 

R'jeSlra» 

'     Silica ■ 

13'2 

15-6 

66.7 

144-2 

fsa 

33-75 

46-2 

>     Carbonate  of  magntiU 
,     Alamina 

13-4 
0-6 

^1-4 

3S-3 
4-2 

33-9 

4-5 

E8-S 

Oxide  of  manganese     . 
1  O^deafiron     .     .     . 

2'o 

0'9 

3-S 

6-95 
4S 

B-4 

B 

47-S 

48-7  ,!31-S 

2^7-8 

328-8 
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^  Several  metallic  subatauccs  huve  also  been  found  iii  the 
dies  of  vegetables,  but  their  quantity'  is  exceediii^K  smuU ; 
Btsmall,  indeed,  that  without  very  delicate  esperimeats  their 
esence  cannot  even  be  detected. 
TTie  ihetals  hitherto  discovered  are  iron,  which  is  by  far 
the  most  common,  mangaQesc,  and,  if  no  believe  some  che- 
mists, gold. 

1 .  Iron  has  been  found  in  tnanj'  plants ;  the  »slies  of  sal- 
sola  contain  a  considerable  quantity  of  it. 

2.  Scheele  first  delected  mangsuiese  in  vegetables.  Proust 
found  it  in  the  ashes  of  tlie  pine,  calendula,  vine,  green  oak, 
and  fig-tree. 

3.  With  respect  to  the  minute  portiou  of  gold  extracted 
from  the  ashes  of  plants  by  Kuiikel,  Sugc,  5lc.  it  is  probable 
llial  it  proceeded  rather  from  the  lead  wiiii^h  tlicy  employL'4 

f»n  iheir  pioccsses  than  from  ihe  ashes. 


ANlHAL  SUBSTANCES. 


DIVISION  V. 

OF  ANIMAL  SUBSTANCES. 

^"hen  we  compare  animals  and  vegetables  together,  each 
in  iheir  most  perfect  state,  nothing  caii  be  easier  than  to  dis- 
tinguish them.  The  plant  is  confined  to  a  particular  spot, 
and  exhibits  no  mark  of  consciousness  or  intelligence;  the 
animal,  on  the  contrary,  can  remove  at  pleasure  from  one 
place  to  another,  is  possessed  of  consciousness,  and  a  \a^ 
degree  of  intelligence.  But  on  approacliing  the  contiguoiB 
extremities  of  the  animal  and  vegetable  kingdom,  these  strik- 
ing differences  gradually  disappear,  the  objects  acquire  a 
greater  degree  of  resemblance,  and  at  last  approach  each 
other  80  nearly,  that  it  is  scarcely  possible  to  decide  whether 
some  of  those  species  which  are  situated  on  the  very  bo'iil* 
dary  belong  to  the  animal  or  vegetable  kit^dom. 

To  draw  a  line  of  distinction,  then,  between  animals 
vegetables,  would  be  a  very  diflicult  task  :  but  it  is  not  nB» 
cessary  at  present  to  attempt  it ;  for  almost  the  oi^  ani 
whose  bodies  have  been  hitherto  examined  with  any  degre^ 
of  chemical  accuracy,  belong  to  the  most  perfect  classes,  anf 
consequently  are  in  no  danger  of  being  confounded  witt 
plants.  Indeed,  the  greater  number  of  facts  which  1  \mli 
to  relate  apply  only  to  the  human  body,  and  to  those  of  a 
domestic  animals.  The  task  of  analysing  all  animal  bodi^ 
is  immense,  and  must  be  the  work  of  ages  of  indefatigabk 
industry. 

This  part  of  tlie  suliject  naturally  divides  itself  into  two 
chapters.     In  the  first  chapter,   I  shall  give  an  account  of 
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the  difierent  ingredients  hitherto  found  in  animals,  such  of 
them  at  least  as  have  been  examiaed  with  any  degree  of  »€• 
curacy,  and,  in  the  second,  I  shall  treat  of  the  diiFerent 
members  of  which  animal  bodies  are  composed ;  which  must 
consist  each  of  various  combinations  of  the  ii^redienta  des- 
cribed in  the  firit  chapter. 


I 


'   ANIHAL    SUBSTANCES. 


The  substances  which  have  been  hitherto  detected  in  tha 
animal  kingdom,  and  of  which  the  different  parts  of  animals, 
as  far  as  tliese  parts  have  been  analysed,  are  found  to  be 
composed,  may  be  arranged  under  the  following  heads  : 
I.  Gelatine  8.  Resins. 


S.  Albumen  9>  Sulphur 

3.  Mucus  10.  Phosphorus 


^V  4.  Fibrin  11.  Acids 

^y  5.  Urea  12.  Alkalies 

^^^  6.  Saccharine  matter  13.  Earths 

7.  Oils  14.  Metals, 

These  shall  form  the  subject  of  the  following  sections. 


M  Sect,  I.     0/  Gelatiiu. 

If  a  piece  of  the  fresh  skin  of  an  animal,  an  ok,  for  in- 
stance, after  the  hair  and  every  impurity  is  carefully  separat- 
ed, be  washed  repeatedly  in  cold  water  till  tlie  liquid  ceases 
to  be  coloured,  or  to  abstract  any  tiling ;  if  the  skin,  thus 
purified,  be  put  into  a  quantity  of  pure  water,  and  boiled 
for  some  time,  part  of  it  will  be  dissolved,     hei  the  decoc- 


S95  ANIMAL   SUBi^TANCES.        '  BW.  ▼, 

tion  be  slowly  evaporated  till  it  is  reduced  tq  a  small  quasi- 
tity,  and  then  put  aside  to  cool.  When  cold^  it  will  be  fouai 
to  have  assumed  a  solid  form,  and  to  resemble  precisely  dnt 
tremulous  substance  well  known  'to  every  body  under  the 
name  of  jellj/.  This  is  the  substance  called  in  chemistiy 
gelatine.  If  the  evaporation  be  still  farther  continued,  bj 
exposing  the  jelly  to  dry  air,  it  becomes  hard,  semitranspa* 
rent,  breaks  with  a  glassy  fracture,  and  is,  in  short,  the  sub- 
stance so  much  employed  in  different  arts  under  the  name 
of  glue.  Gelatine,  then,  is  precisely  the  same  with  glue; 
only  that  it  must  be  supposed  always  free  from  those  impu- 
rities with  which  glue  is  so  often  contaminated. 

Gelatine  is  semitransparent  and  colourless  when  -pure- 
Its  consistency  and  hardness  vary  considerably.  The  best 
kinds  are  very  hard,  brittle,  and  break  with  a  glassy  fracture. 
-Its  taste  is  insipid,  and  it  has  no  smell. 

When  thrown  into  water  it^^ells  very  much,  but  does 
not  readily  dissolve  ;  and  when  taken  out,  it  is  soft  and  gela- 
tinous ;  but  when  allowed  to  dry,  it  recovers  its  former  ap- 
pearance. If  it  be  put  in  this  gelatinous  state  into  wann 
water,  it  very  soon  dissolves,  and  forms  a  solution  of  an  opal 
colour,  and  the  more  opaque  according  to  the  quantity  of 
gelatine  which  it  contains.  Tremulous  gelatine  dissolves  in 
a  very  small  portion  of  hot  water ;  but  as  the  solution  cools, 
it  gelatinizes  afresh.  If  this  solution,,  as  soon  as  it  assumes 
the  tremulous  form,  be  mixed  with. cold  water  and  shaken,  a 
complete  solution  takes  place. 

Dry  gelatine  undergoes  no  change  when  kept ;  but  in  the 
gelatinous  state,  or  when  dissolved  in  water,  it  very  soOn  pu- 
trefies ;  an  acid  makes  its  appearance  in  the  first  place  (pro- 
bably the  acetic),  a  fetid  odour  is  exhaled^  and  afterwards 
ammonia  is  formed. 

Acids  dissolve  gelatine  with  facility,  even  when  diluted,r 
especially  when  assisted  by  heat ;  but  we  are  still  ignorant 
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the  changes  produced  upon  it  by  these  agctits  except  by 
ic  acid.  When  this  acid  is  digested  on  itr  a  small  quau- 
'tity  of  azotic  gas  is  disengaged,  then  abundance  of  nitroui 
gas  ;  the  gelatine  is  dissolved,  except  an  oily  matter  which 
appears  ou  the  surface,  and  converted  partly  into  osidic  and 
sialic  acids. 

Alkalies  dissolve  gelatine  witli  facility,  especially  when 
assisted  by  heat ;  but  the  solution  does  not  possess  the  pro- 
perties of  soap. 

None  of  the  earths  seem  to  combine  witli  gelatine ;  at 
least  tliey  do  not  precipitate  it  from  its  solution  in  water. 

,The  metals  in  their  pure  state  hace  no  effect  upon  gela- 
tine ;  but  several  of  the  metallic  osidea,  w  hen  agitated  in  a 
solution  of  gelatine,  have  the  property  of  depriving  the  wa- 
ter of  the  greatest  part  of  that  body,  with  which  they  form 
an  insoluble  compound.  Several  of  tlie  metallic  salts  like- 
wise precipitate  gelatine  from  water. 

Gelatine  is  insoluble  in  alcohol.  ^V'he^  alcohol  is  mixed 
with  a  solution  of  gelatine,  the  mixture  becomes  milky  ;  but 
becomes  again  transparent  when  agitated,  unless  the  solu- 
tion be  concentrated,  and  the  quantity  of  alcohol  conside- 
rable. Gelatine  is  most  probably  equally  insoluble  in  ether  j 
though  I  believe  die  experiment  has  not  been  tried. 

When  the  solution  of  tannin  is  dropt  into  gelatine,  a  co- 
pious white  precipitate  appears,  which  soon  forms  an  ela»- 
tic  adhesive  mass  not  unlike  vegetable  ghitcn.  Tlus  preci- 
pitate is  composed  of  gelatine  and  tannin  ;  it  soon  dries  in 
the  open  air,  and  fonns  a  brittle  resinous-like  substance,  in- 
soluble in  water,  capable  of  resisting  the  gieater  number  of 
chemical  agents,  and  not  susceptible  of  putrefaction. 

Gelatine,  does  not,  properly  speaking,  fcombine  witli  oils. 
but  it  renders  them  niisciable  with  water,  and  I'srms  a  kind 
ef  emul>jion. 
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From  the  effects  of  differeut  re-agents  on  gelatine,  uj 
from  the  decomposition  which  it  undergoes  when  heuled,  nn 
see  that  it  contains  carbon,  hydrogen,  azote,  and  oxygen.  Btf 
what  the  proportion  of  these  constituents  are,  cannot  be  e» 
«ly  ascertained.  Tlie  phosphate  of  lime,  and  the  tmces  of 
soda,  which  it  always  yields,  are  most  likely  only  held  in  to- 
luUon  by  it. 

Skct.  ir.     Of  Albumen. 

TTie  eggs  of  fowls  contain  two  very  different  substances: 
«  yellow  oily-like  mutter,  called  the^olk;  and  a  colourlesi 
glossy  viscid  liquid,  distinguished  by  the  name  of  Kkite. 
This  last  is  the  substance  which  chemists  have  agreed  to  de- 
nominate albumen.  The  white  of  an  egg,  however,  ii 
pure  albumen.  It  contains  also  some  mucus,  soda,  and  sul- 
phur :  but  as  albumen  is  never  found  perfectly  pure,  and 
no  method  is  known  of  separating  it  ^vithout  at  the  sai 
time  altering  the  properties  of  the  albumen,  chemists  an 
obliged  to  examine  it  while  in  combination  with  these 
bodies.  ■ 

Albumen  dissolves  readily  in  water,  and  the  solution  hu 
the  property  of  giving  a  green  colour  to  vegetable  blues,  in 
consequence  of  the  soda  vhich  it  contains.  When  albumen 
is  heated  to  the  temperature  of  163',  it  coagulates  into  a 
white  solid  mass ;  the  consistency  of  which,  when  other  ibings 
are  equal,  depends,  in  some  measure,  on  the  lime  during 
which  the  heat  was  applied.  The  coagulated  mass  has  pre- 
cisely the  same  weight  thai  it  had  while  fluid.  TTiis  pTope^ 
ty  of  coagulating  when  heated  is  characteristic  of  albumen, 
and  distinguishes  it  from  other  bodies. 

Tlie  taste  of  coagulated  albumen  is  quite  different  from 
that  of  liquid  albumen :  its  appearance,  too,  and  its  p^op«^ 


I,  arc  enlirely  changed ;  for  it  is  do  longer  soluble,  as  be- 
I,  either  in  hot  or  in  cold  water. 
L^lic  coagulation  of  albumen  takes  place  even  .ttiougb  air 
^completely  excluded  j  and  even  when  air  U  present,. there 
Lno  absurptioi)  of  it,  nor  dues  albumen  in  coagulating 
Wiige  its  volume.  Acids  have  the  properly  of  coagulating 
jbumen,  as  Scheel«  ascertained.  Alcohol  also  produces,  in 
lea.xnre,  the  same  effect.  Heal,  then,  acirk  and  tt/cu- 
e  the  agents  which  may  be  employed  to  coagulate  al- 


I  It  is  remarkable,  that  if  albumen  be  diluted  witli  a  suffi- 
ail  quantity  of  u'ater,  it  can  no  longer  be  coagulated  by 
y  of  tliese  agents. 

e  see,  therefore,  tliat  albumen  ceases  to  coagulate  when- 

r  its  particles  are  separated  from  each  other  beyond  a  cer- 

Q  distance.     That  no  otlier  change  is  produced,  appears 

ideni  from  this  circHmstance,  diat  uhenever  die  watery  so- 

lution  of  ulbumen  is  sufficiently  concentrated  by  evaporation, 

coagulation  takes  place,  upon  the  application  of  die  propcc 

agents,  precisely  as  formerly. 

It  does  not  appear  that  die  distance  of  the  particles  of  al- 
bumen is  chaiigi:d  by  coagulation  ^  for  coagulated  albumen 
occupies  precisely  die  same  seusible  space  aa  liquid  albu- 
men. 

Albumen,  then,  is  capable  of  esbting  in  two  states ;  the 
one  before  it  has  been  coagulated,  and  the  other  after  it  has 
undergone  coagiilation.  Its  properlias  are  very  different 
ill  each.  It  will  be  proper  therefore  to  consider  tliem  sepa- 
rately. 

Albumen  in  its  natural  state,  or  uncoagulated,  is  a  gfary 
liquid,  having  little  taste  and  no  smell.  When  dried  sponta- 
neously, or  in  a  low  heat,  it  becomes  a  brittle  transparent 
glassy  like  substance ;  which,  whea  spread  thin  upon  surfaces, 
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forms  a  varnish^  and  is  accordingly  emfdoyed  by  booklmideii 
for  that  purpose.  When  thus  dried  it  has  a  connderable  w 
semblaucQ  to  gum  arabiC)  to*which  also  its  taste  is  similsr. 
The  white  of  an  egg  loses  about  four-fifths  of  its  w^ht  k 
drying.  It  is  still  soluble  in  water,  and  forms  the  same  ffuj 
liquid  as  before. 

From  the  experiments  of  Dr  Bostock,  it  appears,  tfait 
when  one  part  of  this  dry  albumen  is  dissolved  in  nine  piuts 
of  water,  the  solution  becomes  perfectly  solid  when  cOagida- 
ted  by  heat ;  but  if  the  albumen  amounts  only  to  ^th  of  the 
liquid,  then,  though  coagulation  takes  place,  die  liquid  does  ^ 
not  become  perfectly  solid,  but  may  be  poured  finoDi  one  ves* 
sel  to  another. 

When  one  grain  of  albumen  is  dissolved  in  1000  gnuns  of 
water,  the  solution  becomes  cloudy  when  heated. 

Uncoagulated  albumen  soon  putrefies  unless  it  be  dried; 
in  which  state  it  does  not  Undergo  any  cfiange.  It  pnti^es 
more  readily  when  dissolved  in  a  large  quantity  of  water  than 
when  concentrated.  The  smell  of  white  of  egg,  allowed  to 
run  into  putrefaction,  resembles  that  of  pus. 

It  is  insoluble  in  alcohol  and  ether,  which  immediately  co- 
agulate it,  unless  it  be  mixed  with  a  very  great  proportion  of 
water ;  in  which  case  even  acids  have  no  effect. 

When  acids  are  poured  upon  it,  coagulation  takes  pldce 
equally;  but  several  of  them  have  the  property  of  disscdviun^ 
it  again  when  assisted  by  heat.  This  at  least  is  the  case  widi 
sulphuric  acid.  The  solution  is  of  a  green  colour,  sod  does 
not  soon  blacken  even  when  boiled.  It  is  the  case  also  with 
nitric  acid,  and  probably  also  with  muriatic  acid.  Nitric 
acid  first  disengages  some  azotic  gas;  then  the  albumen  is 
gradually  dissolved,  nitrous  gas  emitted,  oxalic  and  malic 
acids  formed,  and  a  thick  oily  matter  makes  its  appearaoos 
on  the  surface. 
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Noiie  of  the  earths  form  insoluble  compounds,  with  al- 
bumen ;  in  this  respect  they  resemble  the  alkalies.  Thecase 
is  different  with  the  metallic  oxides. 

Every  metal  tried,  except  cobalt,  occaaions  a  precipitate ; 
but  no  precipitate  ever  appears  when  the  oxide  b  held  in 
solution  by  au  alkali  or  earth.  The  effect  of  the  metalhc 
salts  on  albumen  forms  a  striking  contrast  with  their  effect 
ou  gelatine. 

I'rom  the  experiments  of  Dr  Bostock,  it  appears  that  a 
drop  of  the  .saturated  solution  of  Oxymuriate  of  mercury, 
let  fall  into  water  containing  ij-'egth  part  of  its  weight  of  al- 
bumen, produces  an  evident  milkineas,  and  a  curdy  precipi- 
tate falls.  It  is  therefore  a  very  delicate  test  of  the  presence 
of  albumen  in  animal  fluids. 

If  a  solution  of  tannin  be  poured  into  an  aqueous  solution 
of  uncoagulated  albumen,  it  forms  witli  it  a  very  copious 
yellow  precipitate  of  the  consistence  of  pitch,  and  insoluble 
in  water.  This  precipitate  is  a  combination  of  tannin  and 
albumen.  When  dry  it  is  brittle,  like  over  tanned  leather, 
and  is  not  susceptible  of  putrefaction.  Thb  property  which 
albumen  has  of  precipitatii^  with  tannin  was  discovered  by 
Seguin. 

TTie  infusion  af  galls  is  by  no  means  so  delicate  a  test  of 
the  presence  of  albumen  as  of  gelatine.  When  an  infusion  of 
galls  containing  9^  per  cent,  of  solid  matter,  ajid  water  hold- 
ing- TB^th  of  albumen  in  solution,  are  mixed  in  equal  quan^ 
tities,  no  effect  is  produced  at  first,  but  after  some  time  3 
precipitating  matter  appears  and  slowly  subsides. 

II.  W'hen  albumen  is  coagulated  either  by  heat,  alcohol, 
or  acids,  it  is  an  opaque  substance  of  a  pearl  white  colour, 
tough,  and  of  a  sweetish  mucilaginous  m»te.  It  is  no  longer 
soluble  in  water,  and  is  not  nearly  so  susceptible  of  decom- 
position as  uncoagulated  albumen,  Mr  Hatchett  kept  it 
for  3  month  under  water,  and  yet  it  did  not  become  putrid. 
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.  Wbeu  this  substance  was  digested  for  some  hours  in  ivt- 
ter^  it  gradually  softened,  and  became  white  and  opaque  like 
newly  coagulated  albumen.  When  water  is  made  to  act  upon 
it  long,  a  small  portion  of  it  is  taken  up.  The  watery  liquid 
is  not  precipiU^ted  by  the  infusion  of  tan ;  but  nitromuriate  of 
tin  occasions  a  faint  cloud. 

-  According  to  Scheele,  the  mineral  acids,  when  greatly  di' 
luted  with  water,  dissolve  a  portion  of  coagulated  albumeD, 
which  is  thrown  down  again  by  the  same  acids  concentrated. 

When  coagulated  albumen  is  steeped  in  diluted  nitric  acid, 
the  acid  in  about  four  weeks  begins  to  acquire  a  yellow  tinge, 
which  beconfies  gradually  deeper ;  but  the  albumen,  thoQ^ 
\t  becomes  more  opaque,  is  not  dissolved.  The  yellow  acid, 
when  saturated  with  ammonia,  becomes  of  a  deep  orange  co- 
lour, but  does  not  let  fall  any  precipitate.  When  the  albu* 
men,  thus  treated,  is  immei^ed  in  ammonia,  the  liquid  as- 
sumes a  deep  orange  colour,  iuclining  to  blood  red.  The 
albumen  is  slowly  dissolved,  and  the  solution  has  a  deep  yel- 
lowish brDwn  colour.  If  the  albumen,  after  being  steeped 
in  nitric  acid,  be  washed  and  then  boiled  in  water,  it  is  dis- 
solved, and  forms  a  pale  yellow  liquid,  which  gelatinizes 
when  properly  concentrased.  If  the  gelatinous  m'ass  be  again 
dissolved  in  boiling  water,  the  solution  is  precipitated  by  tan 
and  by  nitro-muriate  of  tin.  Hence  we  see  that  nitric  acid 
has  the  property  of  converting  coagulated  albumen  into  ge> 
latine. 

Concentrated  nitric  acid  dissolves  coagulated  albumen 
with  effervescence,  especially  when  assisted  by  heat.  It  be- 
cx)mes  orange  brown  when  mixed  with  ammonia,  but  no  pre- 
cipitate falls. 

It  is  readily  dissolved  by  a  boiluig  lixivium  of  potasli^  am- 
monia is  disengaged,  and  an  animal  soap  is  formed.  This 
soap,  when  dissolved  in  water,  and  mixed  with  acetic  or 
muriatic  acids^  lets  fall  a  precipitate  which  is  of  a  sapooa- 


lous  nature.     When  healed  gently  some  oil  flows  tram  it, 

I  brownish   viscid  substance  remaiiis.     The   alkalies, 

1  diluted,  'and   not  assisted   by  heat,  act  upon  it  alovily 

i  imperfectly. 

I  These  properties  indicate  sufficiently  that  coagulated  al- 

a  very  different  substance  from  uncoagulated  al- 

\  III.  From  the  effects  of  nitric  acid  on  albumen  ;  and  its 
roducts,  when  subjected  to  destructive  distillation,  it  has 
icludcd  that  it  consists  of  carbon,  hydrogen,  azote, 
I  oxygen,  in  >  unknown  proportions.  As  it  yields  more 
BOtic  gas  to  nitric  acid,  it  has  been  considered  as  containing 
ire  of  that  principle  than  gelatine.  It  is  obvious,  huw- 
rer,  that  it  does  not  differ  much  from  that  body,  as  nitric 
fiid  sponCaiieously  converts  it  into  gelatine.  Mr  Hatchett 
s  raidered  it  very  probable  that  it  is  tlie  first  of  the  soft 
ttt  of  animals  that  is  fiirnied,  and  that  all  tiie  otlicr  soft 
fits  are  formed  from  it. 


Sect,  hi, 
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iio  word  i^  cheni^stry  has  been  used  with  less  precision 
^an  miKiis.  Too  mauy  experimenters  have  made  it  serve  as 
a  common  name  fur  every  animal  substance  which  cannot  be 
referred  to  any  other  class.  Dr  Uoslock;  in  hts  excellent 
papers  on  the  Analysis  of  Aniniul  Fluids,  has  endeavoured  to 
fct  tlie  aieauiug  of  the  word  by  ascertaining  the  properties  of 
pure  muc^s.  Fourcroy  anil  Vau(|uelin  have  h^tely  wrilteii 
an  elaborate  paper  on  the  same  subject. 

From  Bostock'a  experiments  it  appears,  that  if  the  solid 
matter  obtained  by  evaporating  saliva  to  dryness  be  re-dia- 
solved  in  water  and  filtered,  ihe  solution  will  contain  vety 
Ittllft  except  mucns.     Uo  obtiuiKd  wncus,  dso,  b;  mauum- 
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ing  an  oyster  m  water  and  evaporating  the  liquid.     MWi' 
thus  obtainedy  possesses  the  following  propertiee: 

1.  It  has  much  the  appearance  of*  gum  arabic,  tsieeptim 
that;  in  general,  it  is  rather  more  opaque ;  like  it^  it  hosliltk 
taste,  dissolTes  readily  in  water,  and  forms  m  adhesive  so- 
lution. 

2.  When  evaporated  to  dryness  it  is  transparent,  inefau^, 
and  has  much  the  appearance  of  gum.  It  is  msoluble  in 
water,  but  dissolves  readily  in  all  the  acids  diou^  veryteudi 
diluted. 

3.  It  does  not  dissolve  in  akohol  nor  in  eth^. 

4.  It  does  not  coagulate  when  heated ;  nor  when  eoncen- 
trated  by  evaporation  does  its  solution  assume  the  form  of  a 
jelly. 

5.  It  is  not  precipitated  by  the  oxymuriafe  of  mercorji 
nor  by  the  infusion  of  galls. 

6.  The  acetate  of  lead  occasions  a  copious  white  preci- 
pitate when  dropt  into  solutions  containing  mucus ;  the  su- 
peracetate  produces  a  much  less  striking  effect.-  # 

7.  Nitrate  of  silver  likewise  occasions  a  precipitate  in  so- 
lutions containing  mucus. 

8.  When  heated  it  assumes  the  appearance  of  horn,  and 
when  distilled  it  yields  the  common  products  of  animal  sub* 
stances.  According  to  Fourcroy  and  Vauquelin,  horn,  nails, 
hair,  feathers,  the  epidermis,  and  the  scales  which  form  on 
the  skiu  consist  chiefly  of  mucus. 

Many  of  the  substances  called  mucus  have  the  property.of 
absorbing  oxygen,  and  of  becoming  by  that  means  insoluble 
in  water.  They  resemble  vegetable  extractive  matter  m  this 
respect. 


^^p 


Sect.  iv.  Fibrin. 

If  a  quantity  of  blood,  uewly  drawn,  from  an  animal,  be  al- 
lowed to  remain  at  reat  for  some  time,  a  thick  red  clot  gradual- 
ly fornks  in  it,  and  subsides.  Separate  this  clot  from  the  rest 
of  the  blood,  put  it  into  a  linen  cloth,  and  wash  it  repeated- 
ly in  water  till  it  ceases  to  give  out  any  colour  or  taste  to  the 
liquid ;  the  substance  which  remains  after  this  process  is  de- 
aoiaiaatedji/jiin.  If  hais  been  long  known  to  physicians 
under  the  name  of  the  Jihroiis  part  of  the  blood,  but  has  not 
till  lately  been  accurately  described. 

It  may  be  procured  also  from  the  muscles  of  animals.  Mr 
Hatchett,  to  whom  we  are  indebted  for  a  very  interesting  set 
of  experiments  on  this  substance,  cut  a  quantity  of  lean  beef 
into  small  pieces,  and  macerated  it  in  water  for  tifteen  days, 
changing  the  water  every  day,  and  subjecting  the  beef  to 
|)ve3sure  at  the  same  time,  in  order  to'squeeze  out  the  water. 
As  the  weather  was  cold,  it  gave  no  signs  of  putrefaction 
during  this  process.  The  shreds  of  muscle,  which  amounted 
to  about  tluee  pounds,  were  now  boiled  for  five  hours  every 
day  foj-  three  weeks  in  six  quarts  of  fresh  water,  which  was 
regularly  changed  every  day.  The  tibrous  part  was  now 
pressed,  and  dried  by  tlie  heat  of  a  water  bath.  After  this 
treatment  it  might  be  considered  as  fibrin  nearly  as  pure  as 
it  can  be  obtained. 

Fibrin  is  of  a  white  colour,  has  no  taste  nor  smell,  and 
is  not  soluble  in  water  noi'  in  alcohol.  When  newly  ex- 
tracted from  blood,  it  is  soft  and  elastic,  and  resembles 
very  much  the  gluten  of  vegetables.  Its  colour  deepens  very 
much  in  drying.  That  which  is  extracted  from  muscle  by 
boiling  and  maceration  has  a  certain  degree  of  transparency, 
and  is  not  ductile  but  brittle.  Its  colour  does  not  de* 
nearly  so  much  as  the  fibrin  from  blood. 


40S  ANIMAL  SUBSTANCES.  DIT.T, 

It  undergoes  no  change  though  kept  exposed  to  the  ac- 
tion of  air ;  neither  does  it  alter  speedilj  though  kept  cofcr* 
ed  with  water.  Mr  Hatchett  kept  a  quantity  of  the  fibiiii 
M'hich  he  had  prepared  from  beef  moistened  with  waferAir- 
ing  the  whole  month  of  April ;  it  acquired  a  musty  bat  not 
a  putrid  smell,  neither  were  the  fibres  reduced  to  a^pulpy  mass. 
Even  when  kept  two  months  under  water,  it  neither  became 
putrid,  nor  was  converted  into  the  fatty  matter  obtained  by 
macerating  recent  muscle. 

Wheu  fibrin  is  exposed  to  heat,  it  contracts  very  suddenly^ 
and  moves  like  a  bit  of  horn,  exlialing  at  the  sam^  time  the 
smell  of  burning  feathers.  In  a  stronger  heat  it  melts. 
When  exposed  to  destructive  distillatioUj  it  yields  water,  car- 
bonate of  ammonia,  a  thick  heavy  fetid  oil^  traces  of  acetic 
acid,  carbonic  acid^  and  carbureted  hydrogen  gas. 

Acids  dissolve  fibnu  with  considerable  fincility.    Sulphuric 
«cid  gives  it  a  deep  brown  <:ol()ur ;  charcoal  is  precipitated, 
and  acetic  acid  formed.  Muriatic  acid  dissolves  it,  and  forms 
with  it  a  green-coloured  jelly.    The  acetic,  citric,  oxalic,  and 
tartaric  acids  also  dissolve  it  by  the  assistance  of  heat ;  and 
the  solutions,  when  concentrated,  assume  the  appearance  of 
jelly.    Alkalies  precipitate  the  fibrin  from  acids  in  flakes,  so^ 
luble  in  hot  water,  and  resembling  gelatine  in  its  properties. 
Diluted  nitric  acid  occasions  the  separation  of  a  good  dea) 
of  azotic  gas,  as  was  first  observed  by  .Berthollet.     Mr  Hat- 
chett steeped  a  quantity  of  fibrin  in  nitric  acid  diluted  irith 
thrice  its  weight  of  water  for  15  days.     The  acid  acquired  a 
yellow  tinge,  and  possessed  all  the  properties  of  the  nitric 
solution  of  albumen.     The  fibrin  thus  treated,  dissolved  in 
boiling  water,  and  wjien  concentrated  by  evaporation,  be- 
came a  gelatinous  mass,  soluble  in  hot  water,  and  precipita- 
ted by  tan  and  uitro-muriate  of  tin,  and  therefore  possessing 
the  properties  of  gelatine.     Ammonia  dissolves  the  greater 
part  of  the  fibrin  ^fter  it  has  been  altered  by  nitric  acid. 
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Tlie  solution  is  of  a  deep  orange  colour,  similar  to  the  solu- 
tioti  of  albumen  treated  in  the  sume  way.  Boiling  nitric  acid 
dissolves  fibrin,  except  some  fatty  matter  which  i>nims  on  the 
surface.  The  solution  lesemhles  that  of  aliiiuuen ;  except 
that  amniouia  tlirows  down  a  white  precipitate,  consistitit; 
chiefly  of  oxalate  of  lime.  During  the  solution,  prussic  acid 
conies  over,  and  carbouic  acid  gas  ini.\cd  with  nitrons  gas ;  a 
considerable  portion  of  oxalic  acid  is  formed  besides  the  fat- 
ly  matter  which  s\viiiis. 

The  alkalies,  while  diluted,  have  but  little  effect  upon  fib- 
rin; but  when  concentrated  potush  or  soda  is  boiled  upon  it, 
a  complete  solution  it  obtained  of  a  deep  brown  colour  pos- 
tiessing  ttie  properties  of  soap.  During  the  solution  ammo- 
nia is  disengaged.  Wiien  the  solution  is  saturated  witli  mu- 
riatic acid,  a  precipitate  is  obtained  similar  to  diat  from  ani- 
mal soap,  except  that  it  sooner  becomes  hard  and  soapy  wlicn 
exposed  to  the  air. 

Xhe  earthM,  aa  far  as  is  knuim,  have  little  or  no  action  on 
libi'iu.  Neither  has  the  action  of  the  inutalhe  oxides  and 
imlts  t)een  examined. 

Fibrin  is  insoluble  in  alcohol,  ether,  and  oils.  The  clTect 
of  otJier  re-ugents  on  it  has  not  been  esauiinod. 

From  tile  prnpertiea  above  detailed,  fibrin  appears  to  be 
composet!  of  the  same  eonstituents  as  gelatine  aud  albumen ; 
but  it  probably  cunlams  more  curboa  uud  a^ute  Hnd  ln-as  oxy- 
gen. The  close  resemblance  which  it  bears  to  albumen  is 
very  obvious  from  the  experiments  of  Ilatchelt  just  detailed, 
JN'itric  acid  converts  both  into  gdaluie,  and  alklllics  ciinverl 
both  into  a  species  of  oil.  Kow,  as  all  the  soft  purls  of  uni' 
mals  consist  of  combinations  of  these  ttiree  genera,  it  follow-', 
as  Mr  Hatehett  has  observed,  that  all  the  soft  parts  of  uai- 
nials  may  be  either  converted  into  gelatine  or  animal  soup, 
both  substances  of  the  highest  importance. 
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Fibrin  exisU  only  in  the  blood  and  tbe  inuscles  of  amuub;  j 
but  it  is  a  genus  which  includes  as  many  species  as  there  ai 
f-arieties  in  the  muscies  of  animals;  and  tlie  great  ATeraityof 
these  substances  is  well   known.    The  muscles  of  fish,  ' 
fowl,  and  of  quadrupeds,  bear  scarcely  any  rese 
each  olhtT. 


Sect.  V.     Of  Urea. 

Urea  may  be  obtained  by  the  following  process:  Evapo-j 
rate  by  a  gentle  heat  a  quantity  of  human  urine,  voided  ffll 
or  eight  hours  after  a  meal,  till  it  be  reduced  to  the  consist- 
ence of  a  tliick  syrup.  In  this  state,  when  put  by  to  cool,  it 
concretes  into  a  crystalline  mass.  Pour  at  different  times 
upon  this  mass  four  times  its  weight  of  alcohol,  and  apply  > 
gentle  heat ;  a  great  part  of  the  mass  will  be  dissolved,  md 
there  will  remain  only  a  number  of  saline  substances.  Pour 
the  alcoliol  solution  into  a  retort,  and  distil  by  the  heat  o(  a 
saud-bath  till  the  liquid,  after  boiliug  some  time,  is  reduced 
to  the  consistence  of  a  lliick  syrup.  The  whole  of  the  alco- 
hol is  now  separated,  and  what  remains  in  the  retort  crystal- 
lizes as  it  cools.  These  crystals  consist  of  tlie  substance 
known  by  the  name  of  vrea. 

Urea,  obtained  in  this  manner,  has  the  form  of  ct 
plates  crossing  each  other  in  diflerent  directions.  Its  ool 
is  yellowish  white :  it  has  a  fetid  smell,  somewhat  resemt 
lliat  of  garlic  or  arsenic  ;  its  taste  is  strong  and  acrid, 
bling  that  of  aramoniacal  salts;  it  is  very  viscid  and  dif 
to  cut,  and  has  a  good  deal  of  resemblance  to  honey, 
exposed  to  the  open  air,  it  very  soon  attracts  moisture, 
is  converted  into  a  thick  brown  liquid.  It  is  extremdy 
luble  in  water;  and  during  its  solution  a  considerable  de 
-  of  cold  is  produced.  Alcohol  dissolves  it  with  facility, 
scarcely  iu  so  laige  a  proportion  as  water.     The  alcohol 


iution  yields  crystals  much  more  readily  on  evaporatiou  than 
the  solution  in  water. 

AVheu  nitric  acid  is  dropt  into  a  concentrated  solution  of 
ui'ea  in  water,  a  great  number  of  bright  peari- coloured  crys- 
tals are  deposited,  composed  of  urea  altd  nitric  acid.  No 
other  acid  produces  this  singular  eflijct.  Tiie  coni:entnited 
solution  of  urea  in  water  is  brown,  but  it  becomes  yp|iow 
when  diluted  with  a  large  quantity  of  water.  The  infusion 
of  nuliiritJs  gives  it  a  yellowish  brown  colour,  but  causes  no 
precipitate  ;  neither  does  the  infusion  of  tan  produce  any  pre- 
cipitate. 

When  heat  is  applied  to  urea,  it  very  soon  melts,  s^vells 
up,  and  evaporates  with  an  insupportably  fetid  odour.  When 
distilled,  there  comes  over  6rst  benzoic  acid,  then  carbonate 
of  ammonia  in  crystals,  some  carbureter!  hydrogen  gas,  widi 
traces  of  prussic  acid  and  oil ;  and  there  remains  behind  a 
large  residuum,  composed  of  charcoal,  muriate  of  ammonia, 
and  muriate  of  soda.  The  distiUation  is  accompanied  with 
an  almost  insupportably  fetid  alliaceous  odour. 

When  the  solution  of  urea  in  water  is  kept  in  a  boiling 
heat,  and  ne\v  water  is  added  as  it  evaporates,  the  urea  is 
gradually  decomposed,  a  very  great  quantity  of  carbonate  of 
ammonia  is  disengaged,  and  at  the  same  time  acetic  acid  Is 
formed,  and  some  charcoal  precipitates. 

When  a  solution  of  urea  in  water  is  left  to  itself  for  some 
itnie,  it  is  gradually  decomposed.  A  froth  collects  on  its 
surface ;  air  bubbles  are  emitted  which  have  a  stiong  disa- 
^reeabte  smell,  iii  which  ammonia  and  acetic  acid  are  distm- 
guishable.  Tlie  liquid  contains  a  quantity  of  acetic  acid. 
The  decomposition  is  much  more  rapid  if  a  little  gelatine  be 
added  to  the  solution.  In  that  case  more  ammania  is  disen- 
gaged, and  die  proportion  of  acetic  acid  is  not  so  great. 

When  the  solution  of  urea  is  mi.xed  with  one-fourth  of  its 
veight  of  diluted  sulphuric  acid,  no  effervescence  takes  place ; 
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but,  Oil  the  applicatio^  of  heat,  a  quantity  of  oU  appears  09 
the  surface,  which  concretes  upon  cooling ;  the  liquid  which 
comes  over  iuto  the  receive  coptaius  acetic  acid,  and  a  quan- 
tity of  sulphate  of  ammonia  remains  in  the  retprt  dissolved  ii^ 
(he  undistilled  mass.  By  repeated  distillations,  the  Mhole  of 
the  urea  is  converted  luio  acetic  acid  and  ammonia. 

When  ^itric  acid  is  poured  upon  crystallized  urea,  a  vio- 
lent effervescence  takes  place,  the  mixture  frothes,  assumes 
the  form  of  a  dark  red  liquid,  great  quantities  of  nitrous  gas, 
azotic  gas,  and  carbonic  acid  gas,  ^e  d^ngs^d.  When 
the  effervescence  is  over,  there  remains  pnly  a  concrete  white 
matter,  with  some  drops  of  reddish  liquid.  Wh^n  heat  is 
applied  to  this  residuum  it  detonates  like  nitrate  of  anunonia. 

Muriatic  acid  dissolves  urea,  but  does  not  alter  it.  Oxy- 
Qiuriatic  acid  gas  is  absorbed  very  rapidly  by  a  diluted  solu- 
tion of  urea ;  small  whitish  flakes  ap^#ear,  which  soon  become 
brown,  and  adhere  to  the  sides  of  the  vessel  like  a  concrete 
oil.  After  q,  considerable  quantity  of  oxymuriatic  acid  had 
been  absorbed,  the  solution,  left  to  itself,  continued  to  effer- 
vesce pxceeding  slowly,  and  to  emit  carbonic  acid  and  azotic 
gas.  After  this  effervescence  was  over,  the  liquid  contained 
muriate  and  carbonate  of  ammonia. 

Urea  is  dissolved  very  rapidly  by  a  solution  of  potash  or 
scda,  and  at  the  3ame  time  a  quantity  of  ammonia  is  disen- 
gaged ;  die  same  si^bstance  is  disengaged  wheq  urea  is  treat- 
fid  with  barytes,  lime,  or  even  ipagnesia.  Hence  it  is  evi- 
dent, that  this  appearance  must  be  ascribed  to  the  muriate  of 
ammonia,  with  which  it  is  constantly  mixed.  When  pure 
solid  potash  is  triturated  with  urea,  heat  is  produced,  a  great 
quantity  of  ammonia  is  disengaged;  the  mixture  becomes 
brown,  and  a  substance  is  deposited,  having  the  appearance 
of  an  enipyreumalic  oil.  One  part  of  urea  and  two  of  poti 
ash,  ilissolvcd  in  four  times  its  weight  of  water,  when  distiji 
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led,  give  out  a  great  quantity  of  aimiioitiacal  water;  the  resi- 
iiuuin  contains  acetate  and  carbonate  of  potash. 

When  muriate  of  soda  is  dissolved  iti  a  solutii.n  of  urea  in 
vvTiter,  it  is  obtained  by  eva[!Oration,  not  in  cubic  crystals,  its 
usual  firm,  but  in  regular  octahedrons.  Muriate  of  ammo-' 
uia,  un  tlie  contrary,  which  crystallizes  naturally  in  oclahc- 
drons,  is  converted  into  cubes,  by  dissolving  and  ciyslallizing 
it  ill  tlie  solution  of  urea. 


Sect.  VI.     Of  Saccharine  Mailer. 

Sugar  has  never  been  found  in  animaU  in  every  respect  si- 
milar to  the  sugar  of  vegetables ;  but  there  are  ccitam  ani- 
mal substances  which  have  so  many  properties  in  common 
^vith  sugar,  that  ihey  can -scarcely  be  artmigul  under  any 
other  name.     These  substancaf  are, 

I.  Sugar  of  milk. 

2-  Honey. 

3.  Sugar  of  dialietic  urine. 
3.  Sugar  of  milk  may  be  obtained  by  tlie  following  pro- 
cess ;  Let  fresh  whey  be  evaporated  to  the  canststeace  of  ho- 
ney, and  then  allowed  to  cool ;  it  concretes  into  a  solid  mass- 
Dissolve  this  mass  in  water,  clarify  it  with  the  white  of  egg?, 
filter  and  evaporate  to  the  consistence  of  a  syrup ;  it  depo- 
sites  on  coolii^  a  number  of  brilliant  while  cubic  ciyslals, 
which  are  siigar  of  milk. 

When  pure  it  has  a  white  colour,  a  sweeUsh  taste,  and  uo 
smell.  Its  crystals  are  semitranspareiit  regular  parallelopi- 
peds,  terminated  by  four-sided  pyramids.  lis  specific  gravi- 
ty, at  tlie  temperature  of  SJ",  is  1-543,  At  that  tempera- 
ture it  IS  soluble  in  seven ,  limes  its  weight  of  water  ;  but  if 
perfectly  insoluble  in  alcohol.  When  burnt  it  emits  the 
odour  of  caromel,  and  exhibits  precisely  the  appearance  of 
bunuDg  sugar.     When  distilled,  it  yields  the  same  product; 
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as  8ugar>  only  the  enipyreumatic  oil  obtained  has  die  odour 
of  benzoic  acid.  When  treated  widi  nitric  acid  it  yiekb  sae- 
lactic  acid^  From  these  experiments,  it  appears  tbat  sugar 
of  milk  is  specifically  different  finom  every  kind  of  vegebddB 
sugar  at  present  known. 

2.  Honey  is  prepared  by  bees^  and  perhi^  rather  bdioags 
to  die  vegetable  than  the  animal  kingdom. «  It  has  a  nUte 
or  yellowish  colour^  a  soft  and  grained  consigtenGe,  asaoeba- 
rine  and  aromatic  smell.  By  distillation  it  .affofds  an  acid 
phlegm  and  an  oil,  and  its  coal  is  light  and  spongy  like  tb^ 
of  the  mucilages  of  pliu|^.  Nitric  acid  extracts  from  it  ox- 
alic acid,  precisely  as  it  does  from  sugar.  It  is  veiy  soluble 
in  water,  with  which  it  forms  a  syrup,  and  like  sugar  puses 
to  die  vinous  fermentation. 

According  to  Proust,  there  are  two  kinds'of  honey ;  one 
always  liquid,  and  the  other  solid  and  not  deliquesoenl. 
They  may  be  separated,  he  s^s,  by  means  of  alcohol. 

5.  The  urine  of  persons  labouring  under  the  disease  known 
to  physicians  by  the  name  of  diabetes^  yields,  when  evapo- 
rated, a  considerable  quantity  of  matter  which  possesses  pro- 
perties analogous  to  sugar.  This  seems  to  have  been  first 
observed  by  Willis.  When  treated  wnth  nitric  acid,  it  yield- 
ed the  same  proportion  of  oxalic  acid  as  an  equal  quantify 
oi  common  sugar  would  have  done,  making  allowance  for 
the  saline  substances  present.  No  saclactic  acid  was  form- 
ed. Hence  it  follows  that  this  substance  is  not  analogous 
to  sugar  of  milk,  but  nearer  common  sugar  in  its  proper- 
ties. It  has  been  supposed  incapable  of  crystallizing  regu- 
larly like  common  sugar.  But  I  have  seen  it  prepared  by 
Dr  Wollaston  in  small  grains,  having  almost  exacdy  the  ap- 
pearance of  common  white  sugar. 


.    S 
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TTie  oily  substances  found  in  animals  belong  all  to  the 
class  of  fixed  oila.  They  differ  very  much  in  their  con-sist- 
ence,  being  found  in  every  intermediate  state  from  sperma- 
ceti, which  is  perfectly  solid,  to  train  oil,  vthich  is  com- 
pletely liquid.  ITie  most  important  of  them  are  the  fol- 
lowing : 

] ,  Spermaceti. — This  peculiar  oily  substance  is  found  in 
the  cranium  of  the  phi/seler  macrocepbatits,  or  spermaceti 
whale.  It  is  obtained  also  from  some  other  species.  At 
first  it  is  mised  with  souie  liquid  oil,  which  is  separated  by 
means  of  a  woollen  b^.  The  last  portions  are  removed  by 
an  alkaline  ley,  and  the  spennaceti  is  afterwards  purified  by 
fusion.  Thus  obtained,  it  is  a  beautiful  white  substance, 
usually  in  small  scales,  very  brittle,  has  scarcely  any  taste, 
and  but  little  smell.  It  is  distinguished  from  all  other  fatty 
bodies  by  the  crystalline  appearance  which  it  always  as- 
sumes. It  melts,  according  to  the  experiments  of  Bostock, 
at  the  temperature  of  112°.  When  sufKciently  heated  it 
may  be  distilled  over  without  much  alteration ;  but  when  dis- 
tilled repeatedly  it  loses  its  solid  form  and  becomes  a  liquid 
oil. 

3.  Fat. — ^This  substance  is  fouild  abtuidantly  in  different 
parts  of  animals.  When  pure  it  possesses  the  properties  of 
the  fixed  oils.  Its  consistence  varies  from  tadow  or  stiel, 
which  is  brittle,  to  /log's  lard,  ^vllich  is  soft  and  semi-fluid. 
To  obtain  fat  pure,  it  is  cut  in  small  pieces,  well  washed  in 
Water,  and  the  membranous  parts  and  vessels  separated.  It 
is  then  melted  in  a  shallow  vessel  along  with  some  water,  and 
kept  melted  till  the  water  is  completely  evaporated.  Thus 
purified  it  is  white,  tasteless,  and  uearly  insipid. 
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3.  Tram  oil, — This  liquid  is  extracted  from  the  blaUicr 
of  the  Ai'hale,  and  from  other  fish.  It  forms  a  very  import- 
ant article  of  commerce,  being  employed  for  combustion  in 
lamps,  and  for  other  purposes.  It  is  at  first  thick ;  but  oo 
standing,  a  white  mucilaginous  matter  is  deposited,  and  dtt 
oil  becomes  transparent.  It  is  tlien  of  a  reddish  brown  oo- 
loiu*,  and  has  a  disagreeable  smell. 

4.  Tliough  all  die  oily  bodies  found  in  auimal  subitiDces 
belong  to  the  class  of  fixed  oils,  yet  there  is  a  peculiar  volar 
tile  oil  which  makes  its  appearance,  and  which  is  dobbtless 
formed  during  tlie  distillation  of  different  animal  bodies* 
Though  this  oil  has  now  lost  that  celebrity  which  drew  the 
attention  of  the  older  chemists  to  it,  yet  as  its  properties  are 
peculiar,  a  short  account  of  it  will  not  be  improper.  It  is 
usually  called  the  animal  oil  of  Dippel,  because  that  che* 
mist  first  drew  the  attention  of  chemists  to  it.  It  is  usually 
obtained  from  the  gelatinous  and  albuminous  parts  of  ani- 
mals. The  horns  are  said  to  answer  best.  The  product  of 
the  first  distillation  is  to  be  mixed  with  water,  and  dbtilled 
with  a  moderate  heat ;  the  oil  which  is  first  obtained  b  th^ 
animal  oil  of  Dippel. 

It  is  colourless  and  transparent ;  its  smell  is  strong  and 
rather  aromatic  ;  it  is  almost  as  light  and  as  volatile  as  ether; 
water  dissolves  a  portion  of  it ;  and  it  changes  syrup  of  vio- 
lets green,  owing,  as  is  supposed,  to  its  containing  a  litde 
ammonia.  Tlie  acids  all  dissolve  it,  and  form  with  it  a 
kmd  of  imperfect  soap.  Nitrous  acid  sets  it  on  fire.  It 
forms  witli  alkalies  a  soap.  Alcohol,  ether,  and  oik  unite 
with  it.  W  hen  exposed  to  di«  air  it  becomes  brovm,  and 
loses  its  transparency.  It  w  a;i  formerly  used  as  a  specific  ia 
fevers. 
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^r  Sect.  VIII.     Of  Animal  Resins. 

Substances  resembling  resins  are  found  in  different  animti) 
bodies  ;  and  which,  for  that  reason,  may  be  called  animal 
resins.  Their  properties  are  somewhat  different  from  the 
vegetable  resins,  but  they  have  not  been  all  esamined  with 
precision.  Tlie  following  are  the  most  remarkable  of  these 
Substances. 

1 .  Resin  of  bile. — ^This  substance  may  be  obtained  by 
tlie  following  process :  Into  thirty-two  parts  of  fresh  ok  bile 
pour  one  part  of  concentrated  muriatic  acid.  After  the 
mixture  has  stood  foi  some  hours,  pass  it  through  a  filter,  in 
order  to  separate  a  white  coagulated  substance.  Pour  the 
filtrated  liquor,  which  has  a  fine  green  colour,  into  a  glass 
Vessel,  and  evaporate  it  by  a  moderate  heat.  When  it  has 
arrived  at  a  certain  degree  of  concentration,  a  green-colour- 
ed substance  precipitates.  Decant  off  the  clear  liquid,  and 
~wasb  the  precipitate  in  a  small  quantity  of  pure  water.  This 
precipitate  is  the  ^t/5ti' o/' 6//^,  or  the  resin  of  bile,aa  it  is 
apmetimes  called. 

The  resin  of  bile  is  of  a  dark  brown  colour ;  but  when 
spread  out  upon  paper  or  on  wood,  it  is  a  fine  grass  green  : 
its  taste  is  intensely  bitter. 

When  heated  to  about  1^9,"  it  niclts ;  and  if  the  heat  be 
still  farther  increased  it  takes  fire  and  bums  with  rapidity. 
It  is  insoluble  in  water,  but  soluble  in  alcohol ;  and  water 
precipitates  it  from  diat  liquid. 

It  is  soluble  also  in  alkalies,  and  forms  widi  them  a  com" 
pound  which  has  been  compared  to  a  soap.  Acids,  wheo 
sufficiently  diluted,  piecipitate  it  both  from  water  and  al- 
kalies without  any  change  ;  but  if  they  be  concentrated,  thn 
precijritate  is  ra-diSsotved. 
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2.  Ambergris,  This  substance  is  found  floatii^  ODik 
sea,  near  the  coasts  of  India,  Africa,  and  Brazil,  usually  ■ 
small  pieces,  but  sometimes  in  masses  of  fifty  or  one  hoi- 
dred  pounds  weight.  Various  opinions  have  been  entertui' 
ed  concerning  its  origin.  Some  affirmed  that  it  was  the  cts* 
Crete  juice  of  ^a  tree  ;  others  thought  it  a  bitumen ;  but  i 
is  now  considered  as  pretty  well  established,  that  it  is  a  cofl' 
cretion  formed  in  the  stomach  or  intestines  of  the  jiyxUf 
macrocephalus,  or  spemiareti  whale. 

Ambergris  when  pure  is  a  light  soft  substance  which  swubs 
on  water.  Its  specific  gravity  varies  from  0*78  to  0.9%  to- 
cording  to  Brisson ;  Bouillon  La  Ghrange,  who  has  lately 
published  an  analysis  of  it,  found  its  specific  gravity  firom 
0*849  to  0*844.  Its  colour  is  ash  grey,  with  browidsh  yd- 
low  and  white  streaks.  It  has  an  agreeable  smell,  yAoA 
improves  by  keeping.     Its  taste  is  insipid. 

According  to  Bouillon  La  Grange  it  is  composed  of— - 

52*7  adipocire 

.10*8  resin 

11*1  benzoic  acid 
5*4  charcoal 


100*0 

3.  Castor,  This  substanco  is  obtained  from  the  beaver. 
In  each  of  the  inguinal  regions  of  that  animal  there  are  two 
bags,  a  large  and  a  small.  The  large  one  contains  the  true 
castor ;  the  small  one  a  substance  which  has  some  resem- 
blance to  it,  but  which  is  in  much  less  estiniatioo.  We  are 
indebted  to  Bouillon  La  Grange  for  a  set  of  experiments 
on  it. 

Castor  is  of  a  yellow  colour ;  and  when  newly  taken  fron 
the  animal  it  is  nearly  fluid.  But  by  exposure  to  the  tt- 
mosphere  it  gradually  hardens,  becomes  darker  coloured^  ^ 
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and  assumes  a  resinous  appearance.     Its  tnete  is  bitter  and 
aciir),  und  its  odour  stroug  and  aromatic. 

From  llie  analysis  of  Bouillon  La  Grange,  we  learn  thlil 
castor  coutains  llie  following  ingredients : 

1.  Carbonate  of  potash 

2.  Carbunatc  of  lime 

3.  Carbonate  of  ammonia 

4.  Irgn 

5.  Resin 

6.  A  nmciiaginous  extractive  niatler 

7.  A  volatile  oil 

The  pro])ertitg    of  llie  resin  are  analogous  to  tliose  of  the 
resin  of  bile. 


Sect.  IX'.     Of  AcUh. 

K^e  acids  which  have  been  discovered  ready  formed,  aud 
itituting  a  part  of  animal  bodies,  are  the  following  : 
1.  Phosphoric  7>  Elosacic 

S.  Sulphuric  8-  Amniotic 

3.  Muriatic  Q.  Oxalic 

4.  Carbonic  10,  Formic 

5.  Benzoic  11.  Acetic 

6.  Uric  12,  Malic. 

*  1.  The  phosphoric  acid  is  by  far  the  most  abundant  of  all 
e  acids  found  in  animals.  Combined  with  lime,  it  con- 
stitutes the  basis  of  bone  ;  and  the  pho.Hphale  of  lime  is 
found  in  the  muscles,  and  almost  all  the  solid  parts  of  ani- 
mals ;  iieillier  are  there  many  of  die  Buids  from  which  it  is 
abient.  In  the  blood,  phosphoric  acid  is  found  combined 
with  oxide  of  iron  ;  and  in  the  unite  it  exists  in  escess,  hild- 
ing  phosphate  of  lime  in  solution. 

'i.  Sulphuric  acid  can  scarcely  be  considered  as  a  compo- 
nent part  of  any  of  die  substances  belongiug  to  the  huutao 
D  d2 
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body.  It  is  said,  indeed,  to  occur  sometimes  in  urine  con- 
hned  with  soda.  It  is,  however,  a  very  common  consti- 
tuent of  the  liquid  contents  of  the  inferior  animals.  Thu 
sulphate  of  soda  is  found  in  the  liquor  of  the  anmios  of 
cows,  and  sulphate  of  lime  occurs  usually  in  the  urine  of 
quadrupeds. 

3.  Muriatic  acid  occurs  in  most  of  the  fluid  animal  snb- 
stances,  and  is  almost  always  combined  with  soda,  constitut- 
ing common  salt. 

4.  Carbonic  acid  has  been  detected  in  fresh  human  vam 
by  Proust,  and  it  occurs  in  the  urine  of  horses  and  cows 
abundantly,  partly  combined  with  lime. 

5.  Benzoic  acid  was  first  discovered  in  human  wiiie  by 
Scheele ;  and  Fourcroy  and  Vauquelin  have  found  it  aboh' 
dantly  in  the  urine  of  cows.    Proust  has  detected  it  in  db 
blood,  the  albumen  of  an  egg,  in  glue,  silk,  and  wool,  id    ' 
the  sponge,  different  species  of  algse,  and  even  in  mush* 
rooms. 

6.  Uric  or  lithic  acid  was  discovered  by  Scheele  in  1776, 
It  is  the  most  common  constituent  of  urinary  calculi,  and 
exists  also  in  human  urine.  That  species  of  calculus  which 
resembles  wood  in  its  colour  and  appearance  is  composed 
entirely  of  this  substance.  It  was  called  at  first  lithic  acid; 
but  this  name,  in  consequence  of  the  remarks  made  by  Dr 
Pearson  on  its  impropriety,  has  been  laid  aside,  and  diat  of 
vric  acid  substituted  m  its  place. 

7.  Kosacic.  During  intermittent  fevers  urine  deposites  a 
very  copious  precipitate,  which  has  been  long  known  to 
physicians  under  the  name  of  lateritious  sediment.  This  se- 
diment always  makes  its  appearance  at  the  crisis  of  fevers. 
In  gouty  people,  the  same  sediment  appears  in  equal  abun- 
dance towards  the  end  of  a  paroxysm  of  the  disease ;  and  if  | 
this  sediment  suddenly  disappears  after  it  has  begun  to  be  | 
deposited,  a  fresh  attack  may  be  expected.     Scheele  cowi' 
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dered  this  sediment  as  uric  acid  mixed  with  some  phos- 
phate of  hme ;  and  the  same  opinion  has  been  entertained 
by  other  chemists  :  but  Proust  atfirnis  that  it  consists  chiefly 
of  a  different  substance,  to  which  he  has  given  the  name  of 
rosacic  acid  from  its  colour,  mixed  with  a  certain  propor- 
tion of  ui'ic  acid  and  phosphate  of  lime.  This  rosacic  acid, 
he  informs  us,  is  distinguished  from  the  uric  by  the  facihty 
with  which  it  dissolves  in  hot  water,  the  violet  precipitate 
nliich  it  occasions  in  muriate  of  gold,  and  by  the  little  ten- 
dency which  it  has  to  crystallize. 

S.  Amniotic  acid  has  been  lately  discovered  by  Vauque- 
lin  and  Buuiva  in  llie  liquor  of  the  amnios  of  tlie  cow,  and 
may  be  obtained  in  white  crystals  by  evaporating  that  liquid 
slowly.  Hence  they  have  given  it  the  uame  of  amniotic  acid. 
It  is  of  a  white  and  brilliant  colour ;  its  taste  has  a  very  slight 
degree  of  sourness;  it  reddens  the  tincture  of  turnsole ;  it 
is  scarcely  soluble  in  cold  water,  but  very  readily  in  hot  wa- 
ter, from  which  it  separates  in  long  needles  as  llie  soUition 
cools.  It  is  soluble  also  in  alcohol,  especially  when  assist- 
ed by  heat. 

g.  Oxalic  acid  has  hitherto  been  found  only  hi  a  few  uri- 
nary calculi  by  Vauquelin  and  Fourcroy. 

10.  I'ormic  acid  has  been  hitherto  found  only  in  the  Jbf 
mica  riifa,  or  red  ant. 

11.  Acetic.  This  acid  lias  been  detected  in  urine  hy 
Proust.  It  exists  also  in  the  formica  rtifa,  or  red  ant,  as 
has  been  demonstrated  by  the  experiments  of  Fourcroy  aud 
Vauquelin.  It  appears  also,  fron»  the  labours  of  these  piii- 
losophers  and  of  llienard,  that  the  acid  found  in  millc  is 
the  acetic,  disguised  a  little  by  holding  some  salts  in  solu- 
tion. 

12.  Malic  acid.  Tliis  acid  has  been  lately  detected  by 
Fourcroy  aud  Vauquelin  in  die  acid  liquid  obtained  from  the 
ibrmica  riifa.    When  this  liquid  is  saturated  with  lime,  if 
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acetate  of  lead  be  dropt  into  the  solution^  a  copious  preci- 
pitate falis^  which  is  soluble  in  acetic  acid.  Fourcroy  and 
Vauquelin  exposed  the  precipitate  to  the  proper  trials,  and 
ascertained  that  it  was  malate  of  lead. 


Sect.  X.     Of  Alkalies,  Earths,  and  Metals, 

I.  All  the  alkalies  have  been  found  in  the  fluids  of  am- 

nials. 

1 .  Potash  is  rather  uncommon  in  the  human  fluids ;  but 
it  has  been  detected  in  the  milk  of  cows^  audit  has  beea 
found  tibundantly  in  the  urine  of  quadrupeds. 

Q,,  Soda  exists  in  all  the  fluids,  and»  seems  always  to  be 
combined  with  albumen.  Phosphate  and  muriate  of  soda 
are  also  found.  It  is  this  alkali  which  gives  animal  fluids 
the  property  of  tinging  vegetable  blues  green. 

3.  Ammonia  has  been  detected  by  Proust  in  urine;  and 
it  is  formed  in  abundance  during  tlie  putrefaction  of  most 
animal  bodies.  * 

II.  The  only  earths  hitherto  found  in  animals  are  lim^j 
magnesia,  and  silica. 

1.  Lime  exists  in  great  abundance  in  all  the  larger  ani- 
mals. Combined  with  phosphoric  acid,  it  constitutes  the 
basis  of  bones,  while  shells  are  composed'  of  carbonate  of 
lime.  Phosphate  of  lime  is  found  also  iu  the  muscles  and 
other  solid  parts^  and  it  is  held  in  solution  by  almost  all  the 
fluids. 

£.  Magnesia  has  been  detected  in  human  urine  by  Four- 
croy and  Vauquelin,  combined  with  phosphoric  acid  and  am- 
monia. It  constitutes  also  sometimes  a  component  part  of 
the  urinary  calculi. 

^.  Silica  has  not  hitherto  been  detected  in  any  of  the 
component  parts  of  animals,  except  hair  5  but  Fourcroy  ami 
yauquelin  found  it  in  urinary  calculi, 
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III.  Tlie  metals  foumi  in  animals  are  two;  namely,  iron 
and  manga  I  tea  c. 

1.  Ir'>n  combined  with  phosphoric  acid  is  a  constituent 
part  uf  the  hlood.  Its  presence  vras  first  ascertained  bj 
Maiiu;hmi,  who  proved  at  the  same  timt;  that  it  does  not  ex- 
ist in  die  solid  parts  of  aninials.  It  is  said  to  exist  also  in 
bile. 

2.  IVtanganese  has  been  found  in  human  hair,  but  icsrcs- 
iy  in  any  other  auinial  substance. 
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■    PARTS  or  ANIMALS. 


The  different  substances  which  compose  the  bodies  of  aiii- 
snals  may  be  arranged  under tlie  following  heads: 
1  1.  Bones  and  shells  7.  Glands 

2.  Horns  and  nails  S.  Brain  aiKl  nerves 

3.  Muscles  9.  Marrow 

■i.  Skin  10.  Hair  and  feathers 

a.  Membranes  11.  Silk  and  similar  bodies, 

6.  Tendons  and  JigamRnts 

Besides  these  substances,  which  constitute  the  solid  parts 
of  the  bodies  of  animals,  there  are  a  number  of  fluids,  the 
most  important  of  wliich  is  the  b/ood,  wiiich  pervades 
every  part  of  dte  system  in  all  the  larger  aiumab  ;  The  rest 
are  known  by  the  name  of  seavthns,  because  they  are  form- 
ed, or  iecretud  as  the  anatomists  term  it,  from  the  blood.  The 
principal  animal  secretions  are  tlie  following : 
1.  Milk  S.  Saliva 

J!.  Egps  4.  Pancreatic  juice 
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11.  Sinovis 

12.  Semen 

13.  Ijquor  of  the  amnios 

14.  Poisonous  secretions 


J5.  Air 


i  secreted  for  the  differi 
e  are  otliers  which  maka 


5.  Bile 

6.  Ceniiien 

7.  Tears 

8-  Liquor  of  the  peri- 
cardium 

9.  Humours  of  the  eye 
10.  Mucus  of  the  nose,  ECc. 

Various  substancea  are  separated  either  from  the  blood  or 
die  food  on  purpose  to  be  afterwards  tlirown  out  of  the  bo* 
dyasu4'  ss  or  hurtful.  These  are  called  excretions. 
ipost  im   irtaut  of  them  are, 

2.  Urine 

3.  Pieces. 
Be.°    :s  the  liquids  which  i 

purpo.  of  healthy  animals,  Ui 
their  -earance  only  during  disease,  and  which  may  there- 
fore called  morbid  secretions.  The  most  important  of 
these       the  following : 

,„  I.  Pus 

,-i  3.  The  liquor  of  dropsy 

3.  TTie  liquor,  of  btist«^. 

To  these  we  must  add  several  solid  bodies,  which  are  oc^ 

caaionally  foi-med  in  different  caviuej  in  consequence  of  ttia 

disease^, action  of  t!ie  parts.    They  may  be  called  niorbidf 

com   ,     y/is.    The  most  leraaikable  of  them  are  the  followf 

1.  Salivary  calculi 

fi:      2.  Concretions  in  the  luugs,  liver,  brain,  'Kc. 

'  .(.  3.  Intestinal  calculi 

1     4.  Biliary  calculi 

Ij    ,5.  Urinary  calculi 

G,  Gouty  calculi. 


ilCT.  1.  BONES,  &C.  4Qd 

These  different  substances  shall  form  die  nibji  cts  of  the 
liowiiig  sections :  ' 

Sect.  I.     Of  Bones,  Shells,  and  Crusts. 

By  hnnfs  are  meant  those  hard,  solid,  welt-kuown  sub- 
stances, to  which  the  firmness,  shape,  and  strength  of  ani- 
mal ijodles  are  owing ;  which,  in  the  larger  animals,  form  as 
it  were,  the  ground-work  upon  which  all  the  rest  is  b'  ill.  In 
man,  in  quadrupeds,  and  many  other  animals,  the  b'Hes  are 
situated  below  the  other  parts,  aud  scarcely  any  of  ^'lem  are 
exposed  to  view ;  Liut  shell-lish  and  snails  have  a  I.  rd  co- 
vering on  the  uutsidf  of  their  bodies,  evidently  inten^  :i  for 
defence.  As  these  c^'verings,  though  known  by  the  i  jie  of 
shelh,  are  undoubtedly  of  a  bony  matter,  I  shall  iDcltir^'them 
in  this  section.  "'"^ 

1(48 


If, 


).  Bones. 


Tiie  bones  are  tho  most  solid  parts  of  anii^  la.  Ueir 
texture  is  sometimes  dense,  « t  other  times  celluki'  a  ao- 
rous,  according  to  the  situation  of  the  bone.  They  are  wi.ite, 
of  a  lamellar  structure,  and  -lot  flexible  nor  softened  by  i.eat. 
Their  specific  gravity  differ's'in  different  parts.  That  of  adults 
teeth  is  2' 2727  ;  the  specific  grj^vily  of  childrens  r-lb  is 
20835.  " 

TTie  component  parts  of  bones  aie  chiefly  four;  na  V, 
the  earthy  sa''s,  fat,  gelatine,  and  car  tilage. 

1.  Tlie  eariny  salts  may  be  obtained  either  by  calcinii  ■; 
the  bone  to  whiteness,  or  by  steeping  it  for  a  sufficient  Ic  "tn 
of  time  in  acids.  In  tlie  first  case,  the  salts  remain  in  Jie 
nateof  a  brittle  white  substance;  in  the  second  they  are  is- 
lolved,  and  may  be  tbrown  down  by  the  pi'oper  precipitants. 
tese  earthy  salts  are  four  in  number :  1 .  PJ.  losphate  of  lime, 
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which  constitiftes  by  far  the  greatest  pait  of  tlie  whole. 
5.  Carbonate  of  lime.  3.  Phosphate  of  magnesia,  lately 
discovered  fay  Fourcroy  and  Vaiiqueliii,  It  occurs  in  tlie 
bones  of  all  the  inferior  animals  esamined  by  these  indefati- 
gable chemists,  but  could  not  be  detected  in  human  bones. 
4.  Sulphate  of  lime,  detected  by  Mr  Hatchett  in  a  very  mi- 
nute proportion. 

'2,  The  proportion  of  fat  contained  in  bones  is  various. 
By  breaking  bones  in  small  pieces,  and  boiling  them  for 
some  time  in  water,  Mr  Proust  oljtained  their  fatswimming 
on  the  surface  of  the  liquid.  It  weighed,  he  says,  one-fourltl 
ef  the  weiciht  of  the  bones  employed.  This  proportion  ap- 
pears excessive,  and  can  scurcely  be  accounted  for  without 
■upposing  that  the  fat  still  reUiined  water. 

3.  Tlie  gelatine  is  separated  by  the  same  means  as  the 
by  breaking  the  bones  in  pieces  and  boiling  tlicm  long 
in  water.  The  water  dissolves  the  gelatine,  and  gelatinize*' 
when  sufficiently  concentrated.  Ifence  the  importance  of 
bones  in  making  portable  soUps,  tte  basis  of  which  is  con- 
crete gelatine,  and  likewise  in  making  glue.  By  this  proceii 
Proust -obtained  from  powdci-ed.  bones  about  one-sixteenth 
of  their  weight  of  gelatine. 

4.  When  bones  are  dcprivcif  of  tlicir  gelatine  by  boiling 
them  iii  water,  and  of  their  ea/ihy  salts  by  steeping  them  in 
diluted  acids,  there  remains  a  soft  white  elastic  substance, 
possessing  the  tigure  of  the  bones,  and  known  by  tlie  nameof  i 
cartilage.    From  the  expeiiments  of  Hatchett,  it  appearsfl 
tliat  this  substance  has  the  properties  of  coagulated  albumen.-^ 
XJke  that  substance,  it  becomes  brittle  and  semi  transparent 
when  dried,  is  readily  (oluble  in  hot  nitric  acid,  is  converted 
into  gelatine  by  the  action  of  diluted  nitric  acid ;  for  it  is  so- 
luble in  hot  water,  and  gelatinises  on  cooling,  j 
Absolves  it  and  assumes  a  deep  orange  colour. 
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Ox  bones;  according  to  the  analysis  of  Fourcroy  and  Vau- 
qtielin^  are  composed  of 

51*0  solid  gelatine 
37  7  phosphate  of  lime . 
10*0  carbonate  of  lime 
VS  phosphate  of  magnesia. 


1000 
From  the  calcined  bones  of  horses  and  sheep,   fowls,  and 
fishes,  they  e?ttracted  about  one-thirtysixth  part  of  phosphate 
of  magnesia. 

The  only  bone  hitherto  observed  altogether  destitute  of 
cartilage  is  Ithe  enamel  of  the  teeth.  When  the  raspings  of 
bones  are  steeped  in  diluted  acids,  the  cartilage  alone  te-, 
mains  undissolved.  Now,  when  the  raspings  of  enamel  are 
treated  in  this  manner,  Mr  Hatchett  observed  that  die  whole 
was  dissolved  without  any  residuum  whatever.  If  we  be-r 
lieve  Fourcroy  and  Vauquelin,  the  enamel  of  teeth  is  con|« 
posed  of 

72*9  phosphate  of  lime 

27*  1  gelatine  and  water 
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But  the  most  complete  analysis  of  teeth  has  been  made  by 

Mr  Pepys,  and  hisj  results  agree  exactly  with  those  of  Hat^ 

chett.     lie  found  the  enamel  of  the  teeth  composed  of 

78  phosphate  of  lime. 
6  carbonate  of  lime 

l6  loss  and  water 
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2,  Shells. 


Under  the  name  of  shells  I  include  all  the  bony  coverii^ 
ff  the  different  species  of  shell  fish.     Egg  shells^  also^  jfroni 
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the  similarity  of  tbeir  texture,  bt?loi^  to  the  same  head.  For 
almost  all  the  knowledge  of  these  substances  that  we  pos- 
sess, yye  are  indebted  to  the  late  important  dissertations  uf 
Mr  Hatchett.  A  few  detached  facts,  indeed,  had  been  ob- 
served by  other  chemists ;  but  bis  experiments  gave  us  a 
systematic  view  of  the  constituents  of  the  whole  clan. 

Shells,  like  bones,  cousist  of  calcareous  salts  uuited  to  a 
soft  animal  matter  j  but  in  them  the  lime  is  umted  cbieH;  ts 
carbonic  acid,  whereas  iii  bones  it  is  united  to  phosphoric 
acid.  In  shelU  tlie  predominating  ingredient  a  carbonate  of 
lime ;  whereas  in  buties  it  is  phosphate  of  lime.  This  con- 
stitutes the  characteristic  difference  in  their  composition. 

Mr  Hatchett  has  divided  shells  into  two  classes.  The  first 
are  usually  of  a  compact  texture,  resemble  porcelain,  and 
have  an  enamelled  surface,  often  Jinely  variegated.  The  shells 
belonging  to  this  class  have  been  distinguished  by  the  nan>« 
of  jiorcelaiteoits  shells.  To  this  class  belong  the  various  spe- 
cies of  voliila,  cjfpreta,  &c.  The  shells  belonging  to  the  se- 
cond class  are  usually  covered  with  a  strong  epidermis,  be- 
low which  lies  the  shell  in  layers,  and  composed  entirely  of 
the  substance  well  known  by  the  name  of  inoihei'^f'ptaTl. 
They  have  been  distinguished  by  die  nania  of  molher-of-peaii 
thelh.  The  shell  of  ihcfrexk  tcaler  muscle,  the  haliotti  iris, 
the  turho  okariiis,  are  examples  of  such  shells.  The  ^elll 
of  tlie  first  of  these  classes  contain  a  very  small  portion  of 
soft  animal  matter  ;  those  uf  the  second  contain  a  very  Jaige 
portion.  Hence  we  see  that  they  are  extremely  different  is 
their  composition. 

].  PorcelaneouH    shells,  when  exposed  to    a   red   heat, 
crackle  and  lose  the  colour  of  their  enamelled  surface, 
emit  no  smoke  or  smell;  their  figure 'continues   unaltert 
their  colour  becomes  opuque  white,  tinged  partially  witb pull 
grey.     They  dissolve  when  fresh  willi  effervescence  in  adde, 
md  without  leavii%  any  residue ;  but  if  they  have  been  bunH, 
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<e  remains  always  a  little  charcoal.     Thr.  sulutiun  b  trans- 

!iit,  gives  no  precipitate  with  ammonia  or  acetate  of  lead ; 

course  it  contains  no  sensible  portion  of  phosphate  or  sul- 

:  of  lime.     Caiboiiate  of  ammonia  tlirowa   down  an 

udaat  precipitate  of  carbonate  of  lime.     Porcelaueom 

:,  then,  consist  of  carbonate  of  lime  cemented  together 

B  small  portion  of  an  animal  matter,  which  is  soluble  iu 

i,  and  therefore  resembles  gelatine. 

,  Mother-of-pearl  shells  when  exposed  to  a  red  heat 

;,  blacken,  and  emit  a  strong  fetid  odour.     Thej-  ex- 

iate,  and  become  partly  dark  grey,  paitly  a  tine  white. 

Wlien  immersed  in  acids  they  effervesce  at  first  strongly ;  but 
gradually  more  and  more  feebly,  till  at  last  tlie  emission  of 
air-bubbles  is  scarcely  peiceptibie.  The  acids  take  up  only 
lime,  and  leave  a  number  of  thin  membranous  substances, 
which  ftiil  retain  the  form  of  theshell.  From  Mr  Hatchett's 
experiments  we  learn  that  these  membranes  have  the  proper- 
ties of  coagulated  albumen.  Motlier  of  pearl  shells,  then, 
are  composed  of  alternate  layers  of  coagulated  albumen  and 
carbonate  of  lime,  beginning  with  the  epidermis,  and  ending 
with  the  last  formed  membrane. 

J*eai/,  a  well  known  globular  concretion  which  is  formed 
in  some  of  tliese  shells,  resembles  them  exactly  in  its  struc- 
ture and  composition.  It  is  a  beautiful  substance  of  a  bluish 
white  colour,  iridescent,  and  brilliant.  It  is  composed  of 
concentric  and  alternate  coats  of  tbin  meDtbrane  and  carbo- 
nate of  lime.  Ilieir  iridescence  is  obviously  the  consequence 
«f  the  lamellated  structure. 


.  Crusts. 


P"  By  crusts  we  understand  those  bony  coverings  of  w 
die  whole  external  surface  of  crabs,  lobsters,  and  r 
miiar  sea  animals  are  composed.     Mr  Hatcliett  foi 
composed  of  three  ingredients :  I.  AcartiUginousi 
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possessing  the  properties  of  coagulated  albumen  ;  2.  Carbo- 
nate of  lime ;  3.  Phosphate  of  lime.  By  the  presence  of 
this  last  substance  they  are  essentially  distinguished  ffX)m 
shells,  and  by  the  great  excess  of  carbonate  of  lime  above 
the  phosphate  they  are  equally  distinguished  from  bones.  I 
Thus  the  crusts  lie  intermediate  between  bones  and  shells, 
partaking  of  the  properties  and  constitution  of  each.  The 
shells  of  the  eggs  of  fowls  must  be  referred  likewise  to  die 
class  of  crusts,  since  they  contain  both  phosphate  and  car- 
bonate of  lime,  llie  animal  cement  in  them,  however,  is 
much  smaller  in  quantity.  From  the  experiments  of  Ber- 
niard  and  Hatchett,  it  is  extremely  probable  that  the  shells 
of  snails  are  composed  likewise  of  the  same  ingredients, 
phosphate  of  lime  having  been  detected  in  them  by  these 
chemists. 


Sect.  II.     Of  Horns,  Nails,  and  Scales. 

In  the  last  Section  I  treated  of  those  hard  parts  of  animals 
which  were  inflexible  and  incapable  of  being  softened  by 
heat,  and  which  contained  a  greal^  portion  of  calcareous 
salts ;  but  there  is  another  set  of  hard  parts  which  possess 
considerable  elasticity,  which  are  softened  by  heat,  and  which 
contain  but  a  very  small  portion  of  calcareous  matter,  This 
set  comprehends  the  substances  well  known  under  the  names 
of  horUf  nails,  and  scales. 

1 .  Horns  are  well  known  substances  that  are  attached  to 
the  foreheads  of  oxen,  sheep,  and  various  other  aiumals. 
They  are  not  very  hard,  as  they  may  be  easily  cut  with  a 
knife  or  rasped  with  a  file  ;  but  they  are  so  tough,  as  not  to 
be  capable  of  being  pounded  in  a  mortar.  When  in  thin 
plates  they  have  a  degree  of  transpaieucy,  and  have  been 
sometimes  substituted  for  gla:>s  in  windows.    Whea  heateii 
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BiiHicieiilly  thej  become  very  soft  and  ile\ible,  so  that  their 
shape  niaj'  be  altered  considerably.  Hence  they  may  be 
gradually  squeezed  into  a  mould,  and  \vrought  into  varioui 
forms,  as  is  well  known.  ,\Vheu  strongly  heated  in  a  PapinV 
digester,  lltey  are  aaid  to  be  converted  into  a  gelatinous  ina^, 
which  possesses  the  pioperties  of  gelatine. 

The  quantity  of  earthy  matter  which  tliey  contain  is  e%- 
reedingly  small.  Mr  Uatchett  burnt  500  grains  of  ox  Iioni. 
'Hie  lesiduum  was  only  l.A,  grain,  and  not  the  half  of  this 
H as  phosphate  of  lime.  Seventy-eight  grains  of  the  horn  of 
tlie  chamois  left  only  0*5  of  residue,  of  which  less  tiian  the 
half  was  i^hosphate  of  lime.  They  consist  chiefly  of  a  inciii- 
braiioiis  substance,  which  possesses  tlie  properties  of  coa- 
gulated albumen;  and  [>robabIy  they  contain  also  a  little  ge- 
latine. 

2.  Tlie  iiai/s,  which  cover  the  extremities  of  the  fingers, 
are  attached  to  tlie  epidermis,  and  come  off  along  with  it. 
Mr  Hatchett  has  ascertained  that  diey  arc  composed  chielly 
«f  a  membranous  substance,  which  possesses  the  propertiet 
of  coagulated  albumen.  They  seem  to  contain  alao  a  little 
phosphate  of  lime.  Water  softens  but  does  not  dissolve 
tliem ;  but  they  are  readily  dissolved  and  decomposed  by 
tioncentiated  acids  and  alkalies.  Hence  it  appears  diat  nuiU, 
agree  with  horn  in  their  nature  and  composition.  Under 
the  head   of  nails  must  be  comprehended  the  talons  Si'.d 

^Milaws  of  die  inferior  animals,  and  likewise  their  hoofs,  which 

^HGffer  in  no  respt^ct  fiom  horo. 

^B^  S.  Sailfs  of  animals  are  of  two  kinds ;  some,  as  those  of 
"serpeuts  and  other  amphibious  animal';,  have  a  striking  re- 
semblance to  horn  ;  while  those  of  fish  bear  a  greater  re- 
rficmblance  to  mother-of-pearl.  The  composition  of  Uhkr 
nvo  kinds  of  shells  is  very  different, 

Tlie  scales  of  fish,  are  composed  of  dllTercnt  nienibranous 
bimiiiue.     When  immersed  for  four  oi'  live  hours  in  iiitrir 
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acid;  tibey  become  transparent^  and  perfectly  membranaceom. 
Theacidy  when  saturated  with  ammonia^  gives  a  copkmi 
precipitate  of  phosphate  of  lime.  Hence  they  are  composed 
of  alternate  layers  of  membrane  and  phosphate  of  lime.  To 
this  structure  they  owe  their  brilliancy.  Mr  Hatdiett  foaod 
the  spicula  of  the  shark's  skin  to  be  similar  in  its  oompo- 
aiticm,  but  the  skin  itself  yielded  no  phos[4iate  of  lime. 

The  homy  scales  of  serpents^  cm  the  other  band,  are  com- 
posed alone  of  a  homy  membrane,  and  are  destitute  of  phos- 
phate of  lime.  They  yielded,  when  boiled,  but  dight  traces 
of  gelatine ;  the  horn-like  crusts  which  cover  certain  insects 
and  other  animals  appear,  from  Mr  Hatcher's  experi- 
ments, to  be  nearly  similar  in  their  composition  and  natore. 


Sect,  III.     Of  the  Muscles  of  Animals. 

After  the  hard  parts  of  animals  have  been  examined,  it 
Temains  for  us  to  consider  the  composition  of  the  sofi  parts. 
Of  diese,  the  muscles  naturally  claim  our  attention  in  die 
first  place,  as  being  the  most  important. 

The  muscular  parts  of  animals  are  known  in  common 
languid  by  the  name  of  Jiesh.  They  constitute  a  consi' 
derable  portion  of  the  food  of  man. 

Muscular  flesh  is  composed  of  a  great  number  of  fibres 
or  threads,  commonly  of  a  reddish  or  whitish  colour;  but  its 
appearance  is  too  well  known  to  require  any  description. 
Hitherto  it  has  not  been  subjected  to  any  accurate  chemical 
analysis. 

When  a  muscle  is  cut  in  small  pieces,  and  well  wadied 
with  water,  the  blood  and  other  liquids  contained  in  it  ai% 
separated,  and  part  of  the  muscular  substance  also  is  dis- 
solved. The  muscle,  by  this  process,  is  converted  into  a 
white  fibrous  substance,  still  retaining  the  form  c^f  the  ori- 


^HkcT. 

^^nnal  body.  The  water  assumes  the  colour  which  results 
^HbDm  mixing  water  witli  some  blood.  AVlien  heated  it  coa- 
^^gulates  ;  brown  Hakes  swim  on  the  surface,  consisting  of  al- 
bumen combined  with  the  colouring  matter  of  tlie  blood : 
some  fibrin  likewise  precipitates.  If  the  evaporation  be  con- 
tinued, more  albumen  precipitates,  and  at  last  the  whole  as- 
sumes tlie  form  of  a  jelly.  When  evaporated  to  drjuess, 
sind  treated  with  alcohol,  the  gelatine  thus  formed,  together 
with  a  little  phosphate  of  soda  and  of  ammonia,  remains  un- 
dissolved; but  the  alcohol  dissolves  a  peculiar  extractive 
matter,  first  observed  by  Thonvenel.  This  matter  may  be 
obtained  by  evaporating  the  alcohol  to  dryness.  It  has  a 
reddish  brown  colour,  a  strong  acrid  taste,  and  aromatic 
odour. 

li  the  muscle,  after  being  thus  treated  with  cold  waler,  be 
boiled  for  a  sufficient  time  in  water,  an  additional  portion  of 
the  same  substances  is  separated  from  it.  Some  albumen 
collects  on  the  surface  in  the  form  of  scum,  accompanied 
with  some  melted  fat.  The  water,  when  sufficiently  concen- 
trated by  evaporation,  assumes  the  form  of  a  jelly.  When 
evaporated  to  dryness,  and  treated  with  alcohol,  the  gelatine 
and  phosphoric  salts  remain,  while  the  extractive  matter  of 
Thonvenel  is  dissolved,  and  may  be  obtained  by  evaporating 
to  dryness. 

The  muscle,  thus  treated  with  water,  is  left  in  the  state 
of  grey  fibres,  insoluble  in  water,  and  becoming  brittle  when 
(try.     This  substance  possesses  all  the  properties  of  fibrin. 

From  tliese  facts,  ascertained  by  Thouvenel  and  Four- 
croy,  it  appears  that  the  muscles  are  composed  ciiieliy  of 
fibrin,  to  which  they  owe  their  fibrous  structure  and  their 
form,  and  tliat  they  contain  also 

S,  Albumen  5.  Phosphate  of  soda 

3.  Gelatine  C.  Phosphate  of  ammonia 

4.  Extractive  7.  Phosph.  of  lime  and  carb.  of  do. 
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For  the  discovery  of  the  last  ingredients  we  ate  i|idi;ble4  to 
Mr  Hatchett^  who  found  tb^t  500  parts  of  beef  fmiscle  kfi^ 
after  combustion^  a  residuum  of  Qf5'6  parta^  eonsbtiiig  duis&j 
of  theae  salts. 

The  muscles  of  different  animals  differ,  exceedioi^  frooi 
each  otker  in  their  appearance  and  properties^  at  least  as  ar« 
tides  of  food ;  but  We  know  little  of  their  ch^mkal  dif* 
ferences.  The  observations  of  Thouvenel  alone  were  di- 
rected to  tliat  object,  and  they  are  imperfect.  The  flesh  of 
die  ox  contains,  according  to  him,  the  greate£[t  quantity  of 
insoluble  nKitter,  and  leaves  the  greatest  residttum  when 
dried ;  the  flesh  of  the  calf  is  more  aqueous  snid  nviccHis :  (be 
laud  and  \i'ater  turtle  yields  more  matter  to  watei  than  the 
muscle  of  the  ox  ;  but  Thouvenel  ascribes  the  difference  to 
foreign  bodies,  as  ligaments,  &c.  mixed  with  the  muscle  of 
die  turtle  :  snails  yield  to  water  a  quantity  of  matter  inter* 
mediate  between  that  given  by  beaf  and  veal :  with  them  the 
muscles  oi frogs,  craj/Jish,  and  vipers^  agree  nearly  in  this 
respect ;  but  the  muscles  of  fresh  water  fish,  notwithstanding^ 
their  softness,  yield  a  considerably  smaller  proportion. 

SECT.  IV.     Ofth^;  Skin. 

The  skin  is  that  strong  thick  covering  which  envelopes 
the  Mhole  external  surface  of  animals.  It  is  composed 
chiefly  of  two  parts  :  a  thin  white  elastic  layer  on  the  out- 
side, which  is  called  epideimis  or  cuticle ;  and  a  much  thick- 
er layer,  composed  of  a  great  many  fibres  closely  interwo- 
ven, and  disposed  in  different  directions  ;  this  is  called  the 
cutis,  or  true  skin.  The  epidermis  is  that  part  of  the  skin 
which  is  raised  in  blisters. 

1 .  The  epidermis  is  easily  separated  from  the  cutis  by 
maceration  in  hot  water.  It  possesses  a  very  great  degree 
of  elasticity. 
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It  is  totally  insoluble  in  n'ater  and  iu  alcohol-  Pure  lixcd 
alknlies  dissolve  it  completely,  as  does  lime  likeiusc,  tbou<^h 
slowly.  Sulphuric  and  muriatic  acids  do  not  dissolve  it,  at 
least  they  have  no  sensible  action  on  it  for  a  cons(deruble 
time  4  but  nitric  acid  soon  deprives  it  of  its  elasticity,  and 
causes  it  to  full  to  piecep. 

If  the  cuticle  bo  tinged  with  nitric  acid,  the  application  of 
ammoiita  to  it  is  well  kuown  to  give  it  instantaneously  4 
deep  orange  colour.  Now,  as  Hatchett  has  sho.vui  that  this 
change  is  also  produced  upon  cuagdated  albumen  in  the 
same  circumstances,  and  as  tlie  epidermis  resembles  ihat  sub- 
stance in  all  the  properties  above  detailed,  it  can  scarcely  be 
doubled  that  it  is  any  thing  else  than  a  pecnliar  iuodt£cation 
of  coagulated  albumen. 

3.  The  cutis  is  a  tliick  dense  membrane,  composed  of 
fibres  interwoveu  like  the  texture  of  a  hat.  WTien  it  is  ma- 
cerated for  som«  hours  in  ivaler,  and  agitation  and  pressure 
are  emjiloyed  to  accelerate  the  effect,  the  blood,  and  ail  the 
extraneous  matter  with  which  it  was  loaded,  are  ^icparated 
from  it,  but  its  texture  remains  unaltered.  On  evaporating 
the  water  emplojed,  a  ^mall  (quantity  of  gelatine  uiay  he  ob- 
tained. No  subsequent  maceration  in  cold  v^ater  has  any 
farther  effect.  When  distilled  it  yields  the  s.ime  prodncts-aa 
fibrin.  The  concentrated  alkalies  dissolve  it,  converting  it 
into  oil  and  annnonia.  Weak  acids  soften  it,  render  it  transr 
.parent,  and  at  last  dissolve  it.  Nitric  acid  euiiverts  it  iuto 
oxalic  acid  and  fat,  hIiUc,  at  the  same  time,  azotic  gas  and 
prnssic  acid  arc  fuiitted.  When  heated  it  contracts,  and 
tlien  SHells,  exhales  a  fetid  odour,  and  leaves  a  dense  char- 
coal, difiicult  to  iucinerate.  By  spontaneous  decompose tioii 
in  water  or  moist  eardi,  it  is  converted  into  a  fatly  matter 
aud  into  animonia,  which  compose  a  kind  of  soap.  When 
allowed  to  remain  long  in  water,  it  softens  anid  putj-efies,  be- 
ing converted  into  a  kind  of  jelly.     When  long  boiled  iu  wa« 
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ter  it  becomes  gelatinous^  and  dissolves  completely,  consd- 
tuting  a  viscid  liquor,  which,  by  proper  evaporation,  is  con- 
verted into  glue.  Hence  the  cutis  of  animals  is  commonly 
employed  in  the  manufacture  of  glue. 

From  these  facts  the  cutis  appears  to  be  a  peculiar  modi- 
fication of  gelatine,  enabled  to  resist  the  action  of  water,  part- 
ly by  the  compactness  of  its  texture,  and  partly  by  die  visci- 
dity of  the  gelatine  of  which  it  is  formed ;  for  those  skins 
which  dissolve  most  readily  in  boiling  water  afford  the  worst 
gloe.     Mr  Hatchett  has  o1)served  that  the  viscidity  of  die 
gelatine  obtained  from 'skins  is  nearly  inversely  as  their  flexi- 
hilitfy  the  supplest  hides  always  yielding  the  weakest  glue; 
but  thid  glue  is  very  soon  obtained  from  them  by  hot  water. 
The  skin  of  the  eel  is  very  flexible,  and  affords  very  readily 
a  great  proportion  of  gelatine.    Hie  skin  of  the  shark  also 
readily  yields  abundance  of  gelatine ;  and  the  same  remark 
applies  to  the  skins  of  the  hare,  rabbit,  calf  and  ox ;  the  dif- 
ficulty of  obtaining  the  glue  and  its  goodness  always  increas- 
ing with  the  toughness  of  the  bide.     The  hide  of  the  rhino- 
ceros, which  is  exceedingly  strong  aiid  tough,  far  surpasses 
the  rest  in  the  difficulty  of  solution  and  in  the  goodness  of 
its  glue.     When  skins  are  boiled,  they  gradually  swell  and 
assume  the  appearance  of  honi :  then  they  dissolve  slowly. 

3.  As  to  the  rete  mucosum,  or  the  mucous  substance,  si- 
tuated between  the  cutis  vera  and  epidermis,  its  composition 
cannot  be  determined  with  precision,  because  its  quantity  is 
too  small  to  admit  of  examination,  it  is  known  that  the 
black  colour  of  negroes  depends  upon  a  black  pigment,  situ- 
ated in  this  substance.  Ox\Tnuriatic  acid  deprives  it  of  its 
black  colour,  and  renders  it  yellow.  A  negro,  by  keeping 
his  foot  for  some  lime  in  water  impregnated  with  that  acid, 
deprived  it  of  its  colour,  and  rendered  it  nearly  white ;  but 
in  a  few  days  the  black  colour  returned  again  with  its  former 
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iutensity.     This  experiment  was  first  made  by  Dr  Beddoes 

on  the  fingers  of  a  negro. 


Sect.  V,     Of  Membranes,  Tendons,  'Ligaments,  and 
Glands. 

These  substances  have  not  hitherto  been  subjected  to  a  rigid 
chemical  analysis.  But  from  the  properties  which  have  been 
observed,  they  appear  to  have  a  closer  resemblance  to  the 
akin  than  tu  any  other  animal  substance. 

1 .  The  membranes  are  thin  semitraiisparent  bodies  which  en- 
velope certain  parts  of  the  body,  especially  the  viscera;  such 
as,  the  dura  and  pia  mater,  the  plura,  the  peritoneum,  the 
periosteum,  &,c.  These  substauces  are  soft  and  pliable ; 
when  macerated  in  water,  they  swell,  and  become  somewhat 
pulpy;  aud  by  continued  decoction  in  hot  water  they  are  al- 
most completely  dissolved,  and  the  solution  concretes  into 
gelatine.  They  are  convertible  of  course  into  the  same  sub- 
stance as  the  cutis  by  decoction  ;  hence  we  must  consider 
their  composition  as  similar.  Like  hides  they  may  also  be 
tanned  and  converted  into  leather.  From  the  experiments  of 
Mr  Hatchett,  it  appears  that  lliey  contain  no  phosphate  of 
lime  as  a  constituent  part,  aud  scarcely  any  saline  iugredieuts ; 
for  when  calcined  they  leave  but  a  very  inconsiderable  resi- 
duum. Thus  '250  grains  of  hog's  bladder  left  only  002 
grain  of  residuum. 

2,  The  tendous  are  strong,  pearl-coloured,  brilliant  bodies, 
which  terminate  tiie  muscles,  and  attach  them  to  die  bones, 
and  are  Lnowii  iu  common  language  by  the  name  of  siiiejcs. 
When  boiled  they  assume  the  form  of  a  semitransparent  ge- 
latinous substance,  of  a  pleasant  taste,  well  knowli  in  boiled 
meat.  If  the  decoction  be  eontinued  they  dissolve  complete- 
ly, and  are  converted  into  gelatine.     From  these  facts  We 
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are  authorized  to  conclude,  tliat  the  compoisition  of  (he  teo- 
lions  is  similar  to  that  of  the  membrstnes  add  cutis. 

3.  The  ligaments  are  strong  bands  which  bind  the  bones 
together  at  the  diflferent  joihts :  th^  afe  fibrous  substaixres, 
>ery  dense  and  strong,  and  soniewhat  elastic.  When  boHed 
they  yield  a  portion  of  gelatine,  but  they  resist  the  action  of 
water  with  great  ob'stilldcy,  and  aftet  a  greilt  deal  of  boffing 
retain  tHfeir  forth,  aiid  even  their  streh^.  Hie  ligamedb, 
then,  diiffer  essentially  frdm  the  two  last  species.  How  fit^ 
they  resemble  coagulated  albumen  r^tnains  to  be  ascertained. 
It  is  fibt  unlikely  that  they  trill  form  a  genus  apart. 

4.  This  glands  arfe  a  set  of  bodies  employed  to  ftttiri  or  to 
alter  the  diffefent  liquids  which  are  employed  for  ^ereiit 
piirpoSbs  in  thie  animal  body.  There  are  two  Sets  df  tiibm: 
'the  conghbate,  which  are  smdll,  scattered  ih  the  coArsfe  (JF 
the  lyhiphatics ;  and  thie  conglofnerate,  such  is  the  liver,  kiH- 
heys,  &c.  FourcrOy  supposed  the  first  of  these  to  be  com- 
posed of  gelatiue ;  biit  ihis  is  not  very  probable.  The  sthic- 
ture  of  the  large  glandS  has  been  examined  by  ahatothists 
\vith  great  care ;  but  we  are  still  ignorant  of  their  ccirtiposi- 
tibn.  Indeed  thie  present  state  of  chemistry  3carcely  admits 
of  an  accurate  analysis  of  these  complicated  bodies. 

Sect.  VI.     Of  the  Brain  and  Nerves, 

The  brain  and  nerves  are  the  instruments  of  setisatien,  dnd 
even  of  motion ;  for  an  animal  loses  the  power  of  mOvittg  a 
'part  the  instaiit  that  the  nerves  which  enter  it  are  cut. 

Tlie  brain  and  nerves  have  a  strong  resemblance  to  each 
other ;  and  it  is  probable  that  they  agree  also  in  their  com- 
position. But  hitherto  no  attempt  has  been  made  to  analyse 
the  nerves.  The  only  chemists  who  have  examined  the  na- 
ture of  ))rain  are  Mr  lliouret  and  Mr  Four'croy, 
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The  brain  cons!st§  of  two  substances,  -which  differ  from 
li  other  aomei^hat  in  colour,  but  which,  in  other  respects, 
Kill  to  be  of  llie  same  nature.  The  outermost  matter,*  ha- 
ving some  smull  reseinblauce  in  colour  to  wood-ashes,  has 
ien  called  the  rjiierkious  part ;  die  uinermost  has  been  cal- 
led the  meilii/friri/  part. 

Brititi  has  a  soft  feel,  not  unlike  that  of  soap;  its  texture 
appears  to  be  very  close ;  its  specific  gravity  is  greater  tlian 
that  of  Hater. 

When  brain  is  triturated  in  a  mortar  witli  diluted  sulphuric 
kaid,  part  is  dissolved ;  the  rest  may  be  separated,  by  liltra- 
lOB,  ill  the  form  of  a  coagnluni.  The  acid  liquor  is  colour- 
Bss.  By  evaporation,  the  liquid  becomes  black,  sulphurous 
«d  is  exhaled,  and  crystals  appear ;  and  when  evaporated  to 
iRryaeas,  a  black  mass  remains  behind.  AVhen  thia  mass  is 
^uted  with  water,  a  quuntii^  of  charcoal  separates,  and,  the 
r  remains  dear :  The  brain  is  completely  decomposed, 
%  quantity  of  ammonia  combines  with  the  acid  and  forms  sul- 
phate of  ammonia,  while  charcoal  is  precipitated.  The  wa- 
^,  by  evaporation  and  treatment  with  alcohol,  yields  sul- 
'phates  of  anmionia  and  lime,  phosphoric. acid,  and  phos- 
fh&tes  of  HO^  and  ammonia.  Brain  therefore  contains 
Phosphate  of  lime 
hoda 


Traces  also  of  sulphate  of  Hme  can  be  discovered  in  it. 
VChe  quantity  of  these  salts  is  very  small ;  altogether  they  do 
■Ot  amount  to  -rr^^h  part. 

Diluted  nitric  acid,  when  triturated  with  brain,  likewise 
dissolves  a  part,  and  coagulates  tlie  rest.  The  solution  is 
franspaMnt.  When  evaporated  till  the  acid  becomes  concen- 
trated, carbonic  acid  gas  and  nitrou*  gas  are  disengaged;  an 
•ffervesceuce  lakes  place,  white  fumes  appear,  an  immenie 
fi  e  4 
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quantity  of  ammonia  is  disengaged,  a  bulky  charcoal  remsuns 
mixed  with  a  considerable  (](uaQtity  of  oxalic  acid. 

^Then  brain  is  gradually  evaporated  to  dryness  by  the  heat 
of  a  water  bath,  a  portion  of  transparent  liquid  separates  at 
first  from  the  rest,  and  the  residuum,  when  nearly  diy,  ac« 
quires  a  brown  colour;  its  weight  amounts  to  about  one- 
fourth  of  the  fresh  brain.  It  may  still  be  formed  into  an 
emulsion  with  water,  but  very  focm  separates  again  spoiitaBe- 
ously. 

Whra  alcohol  is  repeatedly  boiled  upon  this  dried  resi- 
duum till  it  ceases  to  have  any  m<H«  action,  it  dissolves  about 
five-eighths  of  the  whole.  When  diis  alcohol  cools,  it  depo- 
sites  a  yellowish  white  substance,  composed  of  brilliant 
plates.  When  kneaded  togedier  by  the  fingers,  it  assumes 
the  appeaiimce  of  a  ductile  paste:  at  the  temperature  of 
boiling  water  it  beconies  soft,  and  when  the  heat  is  increased 
it  blackens,  exhales  empyreumatic  and  amnioniacal  fumes, 
and  leaves  behind  it  a  charry  matter.  When  the  alcohol  is 
evaporated,  it  deposites  a  yellowish  black  matter,  which  red- 
dens paper  tinged  with  turnsole,  and  readily  diffuses  itself 
through  water.  ^ 

Pure  concentrated  potash  dissolves  brain,  disei^agii^  a 
great  quantity  of  ammonia. 

Sect.  VII.    Marrow. 

The  hollows  of  the  long  bones  are  in  living  animals  filled 
with  a  peculiar  species  of  fat  matter,  to  which  the  name  of 
marrow  has  been  given.  In  some  bones  this  matter  is  a 
good  deal  mixed  with  blood,  and  has  a  red  colour ;  in  others, 
as  the  thigh  bones,  it  is  purer,  and  has  a  yellow  coloiir.  Va- 
rious experiments  on  thisN  matter  were  made  by  the  older 
chemists,  showing  it  to  be  analogous  to  animal  fats,  and 
pointing  out  some  of  its  peculiarities.    Berzelius  has  lately 
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cxamuied  it  in  detail,  and  published  the  results  of  his  experi- 
ments. 'I'he  miirrow  on  which  his  trials  were  made  waa  ob- 
tained from  tlie  tliigli  bone  of  an  ox. 

Marrow,  freed  from  its  inipuritics,  has  a  white  colour  with 
a  shade  of  blue;  its  taste  is  insipid  and  rather  sweetish.  It 
Bofiens  by  the  heat  of  the  hand,  and  inelts  when  heated  to 
113°.  When  cooled  slowly  it  crystaUizes  ui  sphericles  like 
olive  oil.  It  burns  witli  a  flame  like  tallow.  When  distilled 
it  gives  first  a  transparent  fluid  yellowish  oil,  accompanied  by 
carbonic  acid  gas,  water,  and  heavy  inflammable  air.  After- 
wards there  conies  over  a  white  solid  oil,  accompanied  by  a 
less  copious  evolution  of  gaseous  bodies,  and  which  does  not 
become  dark  coloured,  as  happens  when  tallow  is  distilled. 
This  had  already  been  observed  by  Neumann.  This  solid 
oil  has  a  disagreeable  smell,  amounts  to  08  of  the  marrow 
distilled,  reddens  vegetable  blues,  and  when  boiled  in  water 
gives  out  a  portion  of  sebacic  acid,  which  Berzeiius  considers 
OK  benzoic  acid. 

TTie  empyreumatic  oil  combines  readily  with  alkalies  and 
tlieir  carbonates.  With  the  latter  it  forma  a  snow  white 
soap,  insoluble  in  water,  though  it  increases  in  bulk  when 
placed  in  contact  witli  tliat  liqiud.  It  combines  also  with 
the  earths,  and  forais  soaps  likewise  insoluble  in  water. 

The  water  which  conies  over  during  the  distillation  of 
marrow  is  colourless,  has  a  fetid  and  sour  smell,  and  an  em- 
pyreumatic taste.  It  contains  a  little  acetic  acid,  empyreu- 
matic oil,  and  probably  benzoic  acid ;  but  exhibits  no  traces 
of  ammonia. 

The  gaseous  pioducts  amount  to  one-tenth  of  the  marrow 
distilled.  I1iey  contain  no  sulphur  nor  phosphorus,  and 
consist  of  carbonic  acid  and  heavy  iiiflanimable  air,  which 
bums  with  a  nhite  daine,  and  seems  to  contain  oil  in  solu- 
tion. 
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The  clrarry  matter  in  the  retott  amounts  to  €h05  ef  Ae 
ihsrrrow  diirtflled.  It  is  d^rk  browii,  heavy  tnd  brfliiant  It 
is  incinerated  with  difiicultyy  and  leaves  an  ash  consistii^  (rf 
phosphate  of  lime^  carbonate  o£  Hoie,  and  some  soda. 

Marrow  combines  vfith  alkalies  and  f&nnB  soap.  Boffin;; 
alc6ho)  and  ether  dissolve  a  small  portion  of  it,  wbkli  pree^ 
piiates  again  as  the  soHMiott  ^b6la. 

Mayrow/from  the  thigh  bone  of  an' ox,  trsfarfoiMdbyBer* 
idius  to  be  composed  of  lint  follolvii^  substan^res : 

Piire  marrow Ogfl 

'Skins  and  blood-vessels   .     ...     .     OOl  ' 

Albmnen 

Gelatine 

Extractive  \ OOS 

'Peculiar  matter 

Water 


100 

From  Ae  preceding  detail  it  appears^  that  pure  man*ow  is  a 
species  of  fixed  oil,  possessing  peculiai-  properties,  and  ap- 
proaching somewhat  to  butter  in  its  nature. 

•  ■ 

Sect.  VIII.     Of  Hair  and  Feathers. 

Thtte  substances  cover  different  parts  of  animals,  aad  are 
obviously  intended  by  Nature  to  protect  them  from  the  cold. 
For  this,  their  softness  and  pliability,  and  the  slowness  with 
which  they  conduct  heat,  render  them  peculiarly  proper. 

1 .  Hair  is  usually  distinguished  into  various  kinds,  accord- 
ing to  its  size  and  appearance.  The  strongest  arid  stifTest  of 
all  is  called  bristle :  of  this  kind  is  the  hsur  on  the  backs  of 
hogs.  When  remarkably  fine,  soft,  and  pliable,  it  is  called 
wool;  and  the  finest  of  all  is  known  by  the  name  of  down* 
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But  !t\\  these  varieties  resemble  one  anotlicr  Tcry  eloscly  in 
tlleir  com  posh  ion. 

Vaiuiuclin  has  lately  publishefl  a  cUrioUK  set  of  PSpen- 
meiiU  oil  the  aiinlysis  of  human  huir  of  various  colours. 
Ilougfa  hair  is  insoluble  in  boiling  ivaler,  he  obtttined  'd  no- 
liltion  by  raising  the  temperature  of  llie  iifjiiid  in  a  Pnplti's 
digester.  If  Bie  heitt  thus  produced  was  loo  great,  the  hair 
ira-j  decomposed,  and  ammonia,  caibottic  acid,  and  na  eta- 
Jjyrcumalic  oil  formed,  Sulphureted  hydrogen  is  always 
evulvcd,  and  its  quantity  increases  with  the  heat.  When  hair 
is  thus  dissolved  in  water  heated  above  llie  boiling  point,  the 
Solution  contains  a  kind  of  bituminous  oil,  which  is  deposited 
very  slo"  ly.  I'his  oil  was  black  when  die  hair  disSotvEld  wu 
black,  but  yellowish  red  ivhen  red  hair  was  employed. 

When  the  solution  is  filtered  to  gPt  rid  of  this  oil,  tlic  li- 
quid which  passes  through  is  nearly  colourless,  Copidus 
precipitates  are  Formed  in  it  by  tlic  infusion  of  nutgulls  and 
ttxymuriatic  acid.  Silver  is  blackened  by  it,  and  acetate  of 
lead  precipitated  brown.  Acids  render  it  turbid,  but  the 
precipitate  is  fc-dissolved  by  adding  these  liqilids  in  excess. 
^TiOiigh  very  much  concentruted  by  cvaporalinu,  it  does  not 
-edhtrete  into  a  jelly. 

Water  contaiuiitg  only  four  per  cent,  of  potash  dissoWca 
hair,  while  hydros ulphuret  of  ammonia  is  evolved.  If  tlie 
faair  be  black,  a  thick  dark-coloured  oil,  with  some  sulphur 
and  iron,  remains  undissolved;  if  the  hair  be  red,  there  re- 
mains a  yellow  oil,  with  some  sulphur  and  an  atom  or  two 
of  iron.  When  acids  are  dropt  into  lliis  solution,  tliey  throw 
down  a  white  niattei'  soluble  in  an  excess  of  acid. 
-  Sulphuric  and  muriatic  acids  become  red  when  first  pour- 
ed on  hair,  and  gradually  dissolve  it.  Nitric  acid  turns  liair 
yellow  and  dissolves  it,  while  an  oil  separates,  which  b  red 
or  black  according  to  the  colour  of  the  hair  dissolved,  Thp 
solutiou  yields  a  great  deal  of  oxalic  acid,  mid  contains,  be^ 
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sides,  bitter  principle,  iron,  and  sulphuric  acid.  Oxjwmt 
tic  acid  first  whitens  hair,  and  then  reduces  it  to  a  substam 
of  the  consistence  of  turpentine,  and  partly  soluble  in  alco- 
hol. 

When  alcohol  is  digested  on  black  hair,  it  extracts  from  it 
tm>  kinds  of  oil.  The  first,  which  is  white,  subsides  in  \viiite 
atnning  scales  as  the  liquor  cools ;  the  second  is  obtained 
by  evaporating  the  alcohol.  It  has  a  greyish  green  colour, 
and  at  last  becomes  solid.  From  red  hair  alcohol  likewise 
separates  two  oils,*  the  first  white  as  from  blatk  hair,  and  die 
other  as  red  as  blood.  When  the  red  hair  is  deprived  of 
this  oil,  it  becomes  of  a  chesnut  colour.  Hence  its  red  co- 
lour is  obviously  owing  to  the  red  oil. 

When  hair  is  incinerated,  it  yields  iron  and  manganese, 
phosphate,  sulphate,  and  carbonate  of  lime,  muriate  of  soda, 
and  a  considerable  portion  of  silica.  The  ashes  of  red  hair 
contain  less  iron  and  manganese :  those  of  white  hair  still 
less ;  but  in  them  we  find  magnesia,  which  is  wanting  in  the 
other  varieties  of  hair.  The  ashes  of  hair  do  not  exceed 
0-015  of  the  hak. 

From  the  preceding  experiments  of  Vauquelin,  we  learn 
that  black  hair  is  composed  of  the  nine  following  substances : 
1 .  An  animal  matter,  constituting  the  greatest  part. 
£.  A  white  solid  oil,  small  in  quantity. 
^.  A  greyish  green  oil,  more  abundant. 

4.  Iron ;  state  unknown. 

5.  Oxide  of  manganese. 

6.  Phosphate  of  lime. 

7.  Carbonate  of  lime,  very  scanty. 

8.  Silica. 

9.  Sulphur. 
The  colouring  matter  of  hair  appears  from  VauqueIiD'9 

experiment^i  to  be  an  oil.  The  oil  is  blackish  green  in  black 
hair,  red  in  red  hair,  and  wliite  in  white  hair.    Vauquelin  sup- 
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s  that  sulphureted  iron  contributes  to  tlie  colour  of  dark 
ascribes  to  the  presence  of  an  excess  of  sulphur 
i  property  which  white  and  red  hair  have  of  becoming 
vith  the  oxides  of  the  white  metals.  The  sudden 
of  colour  in  hair  from  grief,  he  thinks,  ia  owiug  to  the 
Uution  of  an  acid. 

"S.  Fenlhers  seem  to  possess  nearly  the  same  properties 
Mr  Hatchett  has  ascertained  that  the  quill  is 
miKised  chiefly  of  coagulated  albumen.  Though  feathers 
e  boiled  for  a  long  time  in  water,  Mr  Hatchett  could  ob- 
o  traces  of  gelatine. 

f  Having  given  the  preceding  account  of  the  solids  which 
mpose  animal  bodies,  I  proceed  next  to  the  fluid  which  cir- 
Hates  through  living  bodies,  namely  A/ooi/ ;  and  to  the  various 
ereCioiis  formed  (torn  the  blood,  either  in  order  to  answer 
me  impoitant  purpose  to  the  animal,  or  to  be  evacuated  as 
useless,  that  the  blood  thus  purified  may  be  more  proper  lor 
answering  the  ends  for  which  it  was  destined.  Many  of 
these  substances  have  been  examined  with  more  care  by 
chemists  tlian  tlie  animal  solids.  ^ 


Sect.  IX.     Of  Blood. 

Blood  is  a  well-knowD  fluid  which  circulates  in  the  veins 
and  arteries  of  die  more  perfect  animals.  It  is  of  a  red  co- 
lour, has  a  considerable  degree  of  consistency,  and  an  unctu- 
ous feel,  as  if  it  contained  a  (juaiitity  of  soap.  Its  tasle  t» 
slightly  saline,  and  it  has  a  peculiar  smell. 

The  sjjeciiic  gravity  of  humuti  blood  is,  at  a  medium, 
1-0527. 

When  blood,  after  being  drann  from  au  animal,  is  allowed 
to  remain  for  some  time  at  rest,  it  very  soon  coagulates  into 
a  solid  mass  of  tlie  consistence  of  curdled  milk.     This  n 
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glSfkially  separates  into  two  parts ;  one  of  wbicl^  is  fluid,  aid 
19  called  serum ;  the  otber^  the  coaguluviy  bfts  bfseo  caSed 
cruor,  because  it  dlope  rel^s  the  red  colour  whiich  (}J8tQi- 
ggi^l^^s  blood.  This  separat;ion  is  very  sioiilar  to  t)ie  Sfepft* 
r9tioi>  of  curdled  milk  into  ci^ds  and  whey. 

1  •  The  serum  is  of  a  light  greenish  yelloi^  colour ;  k  in| 
the  taste^  smelly  ai^d  feel  of  the  blood,  but  its  consistiHice  i$ 
not  40  great.  Its  mean  specific  ^avity  is  about  1*0287.  It 
eonvi^rts  syrup  of  violets  ^  a  grecQ,  apd  therefore  cod]([^ 
an  alkaJU.  On  examinatioui  Rouelle  found  that  it  owes  thi§ 
property  to  a  portion  of  soda.  When  l^jeated  to  the  tempe- 
rature of  156**,  the  serum  coagulates,  as  Harvey  first  disco- 
vered. It  coagulates  also  when  boiliiig  water  is  mixed  with 
it ;  but  if  serum  be  mixed  with  six  parts  of  cold  water,  it 
does  not  coagulate  by  heat.  When  thus  coagulated,  it  has  a 
greyish  white  colour,  and  is  not  unhke  the  .boiled  white  of  an 
egg.  If  the  coagulum  be  cut  into  small  pieces,  a  muddy  fluid 
may  be  squeezed  from  it,  which  has  been  termed  the  serositjf. 
After  the  separation  of  this  fluid,  if  the  residuum  be  careful- 
ly washed  in  boiling  water  and  examined,  it  will  be  found  to 
possess  all  the  properties  of  coagulated  albumen.  The  se- 
rum, therefore,  contains  a  considerable  proportion  of  albu- 
men. Hence  its  coagulation  by  heat,  and  die  other  pheno- 
mena which  albumen  usually  exhibits. 

If  tlie  coagulated  serum  be  heated  in  a  silver  vessel,  the 
surface  of  the  silver  becomes  black,  being  converted  into  a 
sulphuret.  Hence  it  is  evident  tliat  it  contains  sulphur;  and 
Prous^  has  ascertained  that  it  is  comfbined  with  anunonia  in 
the  state  of  a  hydros  ulphuret. 

If  serum  be  mixed  witli  twice  its  weight  of  water,  and,  af- 
ter coagulation  by  heat,  the  albumen  be  separated  by  filtra- 
tion, and  the  liquid  be  slowly  evaporated  till  it  is  considera- 
bly concentrated,  a  number  of  crystals  are  deposited  whea 
the  liquid  is  left  standing  in  a  cool  place.     Tjjese  crystals, 
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it  e>^amined  by  Rouelle,  coasiat  of  carbonate  gf  soda,  iiiu- 
e  of  soda,  besides  phosphate  of^  suda  and  phoEphaCe  of 
Tlie  soda  exists  in  the  btood  in  a  caustic  state,  and 
lems  to  be  combined  with  tiie  gelatine  and  albumen.  The 
jirboiiic  acid  combines  with  it  during  evaporation. 
2.  Tile  cruor,  ot  clol  as  it  ia  someiiaies  called,  is  of  a  red 
colour,  and  possesses:  considerable  consistence.  Its  mean 
specific  gravity  is  about  l-£4j.  If  tliis  ciuor  be  washed 
carefully  by  letting  a  small  jet  of  waterfall  upou  it  till  the  wa- 
ter runs  off  colourless,  it  is  partly  dissolved,  and  partly  re- 
mains upon  the  aearce.  Thus  it  is  separated  into  two  por- 
tions :  nauiely,  1 .  A  white,  solid,  elastic  substance,  which  has 
all  the  properties  oijibrin;  2,  The  portion  held  iu  solution 
by  the  water,  which  consists  of  the  colouring  matter,  not 
ho-svever  in  a  stale  of  purity,  for  it  is  impossible  to  separate 
the  cruor  completely  from  the  scrum. 

Bucquet  proved  that  this  watery  solution  coutaiucd  albu- 
men and  iron,  Menghini  had  ascertained,,  that  if  blood  be 
evaporated  to  dryness  by  a  gentle  heat,  a  quantity  of  iron  may 
be  separated  from  it  by  the  magnet.  Tlie  quantity  which  he 
obtained  was  considerable ;  according  to  him,  tlie  blood  of  a 
healthy  man  contains  above  two  ounces  of  it.  Now,  as  nei- 
ther the  serum  nor  die  fibrin  extracted  from  the  cruor  con- 
taiiM  iron,  it  follows  of  course,  tlial  Uie  water  holding  the  co- 
louring matter  in  solution  must  contain  the  Mhule  of  that 
metal. 

This  watery  solution  gives  a  green  colour  to  syrup  of  vio- 
lets. When  exposed  to  the  air,  it  gradually  deposites  llakex, 
which  have  the  properties  of  albiunen.  \\'hen  heated,  a 
brown-coloured  scum  gathers  on  its  surface.  If  it  be  evapo- 
rated to  dryness,  and  then  mixed  with  alcohol,  a  portion  is 
dissolved,  aiwl  the  alcoholic  solution  yields  by  evaporation  a 
residuum,  which  lathers  like  soap  in  water,  and  tinges  vege- 
table  blues  green;  the  acids  occasion  a  precipitate  from  iu 
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solution.  This  substance  is  a  compound  of  albumen  and 
soda.  Hius  we  see  that  the  watery  solution  contains  alba- 
men^  iron,  and  soda. 

Fourcroy  and  Vauquelin  have  ascertained  that  the  iron  is 
combined  with  phosphoric  acid,  and  in  the  states  of  sub- 
phosphate  of  iron ;  thus  confirming  an  opinion  which  had 
been  maintained  by  Sage,  and  announced  as  a  fact  by  Gren. 

Such  are  the  propertied  of  blood,  as  far  as  they  have  been 
hitherto  ascertained  by  experiment.  We  have  seen  that  it 
contains  the  following  ingredients  : 

1.  Water  6.  Subphosphate  of  ih>n 

£.  !Fibrin  7.  Muriate  of  soda 

3.  Albumen  8.  Phosphate  of  soda 

4.  Hydrosulph.  of  ammonia    9*  Phosphate  of  lime 

5.  Soda 

Besides  benzoic  acid^  which  has  heea  detected  by  Proust. 


Sect.  X.     Of  Milk. 

Milk  is  a  fluid  secreted  by  the  female  of  all  those  animals 
denominated  mammalia,  and  intended  evidently  for  the  nou- 
rishment of  her  offspring. 

The  milk  of  every  animal  has  certain  peculiarities  which 
distinguish  it  from  every  other  milk.  But  the  animal  whose 
milk  is  most  made  use  of  by  man  as  an  article  of  food,  and 
with  which,  consequently,  we  are  best  acquainted,  is  the  c&w. 
Chemists,  therefore,  have  made  choice '  of  cow's  milk  for 
their  experiments. 

Milk  is  an  opaque  fluid,  of  a  white  colour,  a  slight  pecu- 
liar smell,  and  a  pleasant  sweetish  taste.  When  newly  drawn 
from  the  cow,  it  has  a  taste  very  diflerent  from  that  which  il 
requires  after  it  has  b^en  kept  for  some  hours.  It  reddei9 
vegetable  blues. 
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When  milk  is  allowed  to  remain  for  some  tinie'at  rest, 
there  collects  on  its  surface  a  thick  unctuous  yellowiBh  co' 
loured  substance,  known  by  tlic  name  of  cream. 

After  the  cream  is  separated,  the  milk  which  remains  ii 
much  thinner  than  before,  and  it  has  i  bluish  white  colour. 
If  it  be  healed  to  the  temperature  of  100°,  and  a  little  rennet, 
which  is  water  digested  with  the  inner  coat  Of  a  calf's  sto- 
mach and  preserved  with  salt,  be  poured  into  it,  coagulation 
ensues ;  and  if  the  coagulum  be  broken,  the  milk  very  soon 
separates  into  two  snbstances ;  a  solid  white  part,  known  by 
die  name  of  curd,  and  a  fluid  part  called  whey.  Thus  we 
se«  that  milk  may  be  easily  separated  into  three  parts  ;  nani&^ 
\y,  eream,  curd,  and  wheif. 

I .  Ci'eam  is  of  a  yellow  colour,  and  its  consistence  increases 
gradually  by  exposure  to  the  atniosphere.  In  three  or  foiur 
days  it  becomes  so  thick  that  the  vessel  which  contains  it 
may  be  inverted  with  out 'risking  any  loss.  In  eight  or  ten 
days  more,  its  surface  is  covered  over  with  mucors  and  byssi, 
antt  it  has  uo  loiter  the  flavour  of  cream,  but  of  very  fat 
cheese. 

Cream  possesses  many  of  the, properties  of  an  oil.  It  is 
specifically  lighter  than  water;  it  has  ah  unctuouB  feel,  stains 
clothes  precisely  in  the  manmr  <>f  oil ;  and  if  it  be  kept  fluid, 
it  contracts  at  last  a  taste  which  is  very  analogous  to  the  ran- 
cidity of  oils.  These  propeilies  aje  sufHcient  to  show  us  that 
it  contaiii'j  a  quantity  of  oil ;  but  this  wl  is  couibmcd  H-lth  a 
part  of  the  curd,  and  mixed  with  some  serum-  Cream,  then, 
is  composed  of  a  peculiar  oil,  curd,  and  serum.  The  oil 
may  be  easily  obtained  separulc  by  agitating  the  cream  for  8 
considerable  time,  lliia  process,  khomi  to  evei'y  body,  is 
called  i-hiirmiig.  After  a  certain  limt,  the  cream  -eparatea 
iuio  two  portions  :  one  fluid,  and  resembling  creamed  milk ; 
the  other  solid,  aud  called  butter. 
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Butter  is  of  a  yellow  colour,  possesses  the  properties  of  n 
oil,  and  mixes  readily  with  other  oily  bodies.  When  betted 
to  the  temperature  of  96°  it  melts,  aud  becomes  transparent; 
if  it  be  kept  for  some  time  melted,  some  curd  and  water  or 
whey  separate  from  it,  and  it  assumes  exactly  the  appearance 
of  oil.  But  this  process  deprives  it  in  a  great  measure  of  its 
peculiar  flavouiv 

Butter  may  be  obtained  by  agitating  cream  newly  tabn 
from  milk,  or  even  by  agitating  milk  newly  drawn  fnun  Ae 
cow.  But  it  is  usual  to  allow  cream  to  remain  for  some  time 
before  it  is  churned.  Now  cream,  by  standing,  acquires  a 
sour  taste;  butter  therefore  is  commonly  made  from  sour 
cream.  When  veiy  sour  cream  is  churned,  every  one  must 
have  percei^,  that  the  butter  milk,  after  the  churning,  is  not 
nearly  so  sour  as  the  cream  had  been.  The  butter,  in  lU 
cases,  is  perfectly  sweet ;  consequently  the  ^cid  which  had 
been  evolved  has  in  a  great  measufe  disappeared  duiring  the 
progress  of  churning.  It  has  been  ascertained  that  cream 
may  be  churned,  and  butter  obtained,  though  the  contact  of 
atmospheric  air  be  excluded.     On  the  other  hand,  it  hai 

been  afiirmed,  tliat  when  cream  is  churned  in  contact  ynHk 

■ 

air,  it  absorbs  a  considerable  quanUty  of  it. 

la  many  cases  tliere  is  a  considerable  extrication  of  gas 
during  the  churning  of  water.  From  the  phenomena,  it  can 
scarcely  be  doubted  that  this  acid  is  carbonic  acid. 

C  Curd,  which  may  be  separated  from  creamed  milk  by 
rennet,  has  many  of  the  properties  of  coagulated  albumen.  It 
is  white  and  solid ;  and  when  all  the  moisture  is  sipieezed  out, 
it  has  a  good  deal  of  brittleness.  It  is  insoluble  in  water; 
but  pure  alkalies  and  lime  dissolve  it  readily,  especially  when 
assisted  by  heat;  aud  when  fixed  alkali  is  used,  a  great  quan- 
tity of  ammonia  is  emitted  during  the  solution.  The  solution 
of  curd  in  soda  is  of  a  red  colour,  at  least  if  heat  be  employ- 
ed ;  owing^  probably,  to  the  separation  of  charcoal  from  the 
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curd  by  the  action  of  the  alkali.  The  matter  dissolved  by 
the  alkaii  mn\  be  separated  from  it  by  means  of  aii  acid ;  but 
it  has  lust  a!l  the  properties  of  curd.  It  is  of  a  black  colour, 
melts  like  talluw  by  the  application  of  heat,  leaves  oily  stains 
on  paper,  and  never  acquires  the  cunsistence  of  curd- 
Curd,  as  IS  well  known,  is  used  iii  making  cheese:  and  the 
cheese  is  the  better  the  more  it  contains  of  cream,  or  of  that 
oily  matter  which  constitutes  cream.  It  is  well  known  to 
cheese  makers,  that  the  goodness  of  it  depends  in  a  great  mea- 
sure on  the  manner  of  separating  the  whey  from  the  curd.  If 
the  milk  be  much  heated,  the  coagutunt  broken  in  [ueces.  and 
the  whey  forcibly  separated,  as  is  the  practice  in  many  parts 
of  Scotland,  the  cheese  is  scarce  good  for  any  thing;  but  the 
whey  is  delicious,  especially  the  last  squeezed  out  whey-  and 
butter  mi>y  be  obtained  from  it  in  considei-able  quantity:-^ 
full  proof  Uiat  nearly  the  whole  creamy  part  of  the  milk  baa 
been  separated  witli  the  whey  Whereas  if  the  milt  be  nut 
too  much  heated  (about  KX)'  is  sufficient),  if  the  coagutuni 
be  allowed  to  remain  unbroken,  and  the  whey  be  separated 
by  very  slow  and  gentle  pressure,  the  cheese  is  excetlent;  but 
the  whey  is  almo'^t  transparent,  and  nearly  colourless. 

Good  cheese  melts  at  a  moderate  heat ;  but  bad  cheese, 
wheii  heated,  dries,  curls,  and  exhibits  all  the  phenomena  of 
burning  horn.  From  this  it  is  evident,  that  good  cheese  con- 
taiiia  a  (juuiitity  of  the  peculiar  oil  which  constitutes  the  dis- 
tinguishing characteristic  of  cream;  hence  its  flavour  and 
smell.  Proust  has  found  in  cheese  an  acid  which  he  call» 
the  caxk  acid,  to  which  he  ascribes  several  of  the  peculiar 
properties  of  cheese. 

3.  Whey,  after  being  filtered,  to  separate  a  quantity  of 
curd  »Iiich  still  continues  to  float  through  it,  b  a  tliii)  pellu- 
cid lluid,  of  a  yellowish  green  rolour  and  pleasant  sueetish 
Usif,  in  Hhicli  the  flavour  of  milk  may  be  dirtinguished.  It 
always  contains  lomc  curd;  but  nearly  ilw  whole  may  be  at'— 
F  f  2 
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panted  "by  VeCpmg  ihe  whej-  for  some  time  boiling ;  a  thkt: 
wliite  scum  gafliers  <m  the  surface,  which  in  Scotland  i 
known  by  die  name  ofjioat  w/iei/.  When  iliis  sciun, 
consults  of  the  curdy  part,  is  carefully  separated,  ihe  wh^ 
after  being  allowed  to  remain  at  rest  for  some  hours,  to  gp 
the  remainder  of  the  curd  time  to  precipita!f,  is  decaiAed  o 
almost  as  colourless  as  water,  and  scarcely  any  of  the  pecv 
liar  taste  of  milk  Ciiii  be  distinguished  in  it.  If  it  be  no 
slowly  evaporated,  it  deposilcs  at  last  a  number  of  white-o 
loured  crystale,  ivhidi  are  sirgar  of  milk.  Toward  the  a 
of  the,ev3poration,  some  crystals  of  muriate  of  potash  and  i 
muriate  of  soda  make  their  appearance.  According  1 
Scheele,  it  contains  also  a  little  phosphate  of  lime,  whk 
may  be  precipitated  by  ammonia. 

The  recent  experiments  of  Fourcroy  and  Vaui)itelin,  T 
nard,  and  Bouillon  La  Grange,  have  added  considerably  1 
our  knowledge  of  the  constituents  of  whey.  It  always  ra 
dens  vegetable  blues,  containing  a  portion  of  acetic  adi 
llie  lactic  acid  of  Scheele  is  nothing  else  than  this  acid  hold 
ing  an  auinml  matter  in  solution.  It  contains  likewise  some 
phosphate  of  magnesia  and  phosphate  of  iron,  as  Fourcroy 
and  Vauquelin  have  discovered.  Sulphate  of  potash,  like- 
wise, and  a  peculiar  extractive  matter,  Itave  been  sepanited 
from  it. 


Blhatc 


v's  milk  is 


inposed  of  the  follotni^ 


1.  Water. 

2.  Oil. 
S.  Curd. 

4.  Exitactire.  ' 

5,  SugiLT  of  milk. 
<i.  Acetic  asid. 


7.  Muriate  of  soda. 

8.  Muriate  of  potash. 
Q.  Sulphate  of  potash. 

10.  Phosphate  of  lime. 

11.  Phosphate  of  magnesia- 

12.  Phosphate  of  iron. 


The  mill  of  ali  oilier  auiinals,  as  far  as  it  has  hitherto  heeu 
imined,  consists  nearly  of  the  satue  Ingiedieuts :  but  there 
"Sb  a  very  greut  difference  in  Uieir  propurliuD. 

Sect.  XI.     Of  Saliva, 

Tiie  ftuid  secreted  in  the  mouth,  which  flows  in  consider- 
alilc  quantity  during  a  repast,  is  known  by  the  uante  of  la- 

Saliva  is  a  limpid  fluid  tike  water;  but  nuu^  loore  viscid: 
it  has  neither  smelt  nor  taste.  Its  specific  gravity,  according 
to  Hambefger,  is  I-0lfi7;  according  to  Siebold,  1-080. 
ArVheii  agitated,  it'froths  like  all  other  adhesive  liquids ;  indeed 
it  is  usually  mixed  with  air,  and  has  the  appearance  of  frotli. 

It  neither  mixes  readily  with  water  nor  oil;  but  by  tritura- 
tion in  a  mortar  it  may  be  so  mixed  with  water  as  to  pass 
through  a  filter.  It  has  a  great  afiuiity  for  oxygen,  absorbs 
it  readily  from  the  air,  and  gives  it  out  again  tu  other  bodies. 

When  boiled  in  water,  a  few  flakes  of  albumen  precipitate. 
From  the  experiments  of  Dr  Bnstock,  we  learn  timt  this  aU 
bumen  is  not  in  a  state  of  solution.  It  is  separated  by  the 
filter,  and  subsides  of  its  own  accord  when  the  liquid  is  dilu- 
ted with  water.  In  his  analysis,  this  coagulated  albumen 
amoimted  to  04  of  the  solid  matter  contained  in  tlie  saliva 
examined. 

When  saliva  is  fevaporated,  it  swells  exceeduigly,  and  leaves 
behind  it  a  thin  brown-coloured  crust :  But  if  the  evapora- 
tion be  conducted  slowly,  small  cubic  crystals  of  muriate  of 
soda  are  formed.  The  viscidity  of  saliva,  the  property  which 
it  has  of  absorbing  oxygen,  and  of  behig  inspissated,  amwunce 
the  presence  of  mucus  as  a  component  part.  This  is  fully 
confirmed  by  tlie  eflect  of  neutral  acetate  of  lead,  which  pro- 
duces a  copious  precipitate  in  saliva.    Dr  Bostock  considers 
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the  moctiB  88*€0ii8titutii]g  aboi^  oiie4ialf  of  the  ■olid  cootoits 
of  saliva. 

When  imliva  is  distilled  in  a  retort,  it  froths  verymudi: 
100  parts  yield  80  parts  of  water  nearly  pure,  then  a  little 
carbonate  of  ammopiay  some  oil,  and  an  aoid,  wliich  perhaps 
is  die  prussic.  The  residanm  amounts  to,  about  1-56  pur^ 
and  b  composed  of  muriate  of  soda,  phosphate  of  soda,  aod 
phosphate  of  lime. 

The  acids  and  alcohol  inspissate  saliva ;  the  sJkalies  disen- 
gage anmicmia ;  oxalic  acid  precipitates  lime ;  and  the  nitrates 
of  lead/mercmyi  and  silyer,  precipitate  phosphoric  and  mUf 
riatic  acids. 

From  these  fy^U,  it  follows  that  saliva,  besides  wateri 
which  cpnstitutes  at  least  four-fifths  of  its  bulk»  cfmtniqs  tbe 
following  ingredients : 

1.  Mucilage.  4.  Phosphate  of  soda, 

2.  Albumen.  5.  Phosphate  of  lime. 

3.  Muriate  of  soda.  6.  Phosphate  of  ammonia. 
But  it  cannot  be  doubted  diat,  like  all  the  other  animal  fluids, 
it  IS  liable  to  many  changes  from  disease^  Abe,     BnignatelU 
found  the  saliva  of  a  patient  labouring  under  ai)  obstinate  v^ 
^real  disease  impregnated  with  oxalic  acid* 

Sect.  XII.    Of  Bile. 

Bile  is  a  liquid  of  a  yellowish  green  colour^  an  unctuous 
feel,  bitter  taste,  and  peculiar  smell,  which  is  secreted  by  the 
liver ;  and  m  most  animals  considerable  quantities  of  it  are 
usually  foiiud  collected  in  the  gall  bladder. 

].  Ox  bile  is  a  liquid  of  a  yellowish  green  and  sometimes 
of  a  deep  green  colour.  Its  taste  is  very  bitter^  but  at  the 
same  time  sweetish.  Its  smell  is  feeble,  but  peculiar  and 
disagreeable.  It  does  not  act  on  vegetable  blues.  Its  cop* 
sisteuce  varies  yer^  mufh.    Sometimes  it  is  a  thm  mucilage,* 
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sometimes  very  vUcn)  and  glutinous ;  sometimes  it  is  perfect- 
ly transparent,  and  sometimes  it  contains  a  yellow  coloured 
matter  which  pi'eci)iitates  when  the  bile  is  diluted  with  water. 

When  an  acid  is  added  lo  bile,  even  in  a  minute  quantity, 
it  acquires  the  property  of  reddemng  vegetable  blues.  TTie 
addition  of  a  little  more  acid  occasions  a  precipitate,  and  sul- 
phuric acid  occasions  a  greater  precipitate  than  any  other 
acid.  This  precipitate  consists  of  a  yellow  coloured  matter 
often  visible  in  bile,  and  which  is  insoluble  in  water.  It  con- 
tains also  a  little  resin  which  gives  It  a  bitter  taste.  Acids  do 
not  throw  down  the  whole  resin  from  bile.  Yet  if  the  resiu 
be  dissolved  in  soda,  it  is  readily  precipitated  by  all  the  acids ; 
a  proof  that  the  resin  is  not  kept  in  solution  in  bile  by  soda. 

When  supcracetate  of  lead  is  poured  into  bile  a  copious 
ivhite  precipitate  falls,  consisting  of  the  resin  contbined  \vitli 
the  oxide  of  lead.  The  superacetate  of  commerce  does  not 
readily  throw  down  the  whole  resin ;  but  if  eight  parts  of 
common  sugai'  of  lead  and  one  part  of  litharge  be  united  to- 
gether by  digestion  in  water,  a  salt  is  formed  which  readily 
throws  down  the  whole  of  the  resin.  If  tlie  precipitate  be 
treated  «ith  diluted  nitric  acid  the  lead  is  separated,  and  the 
resin  remains  beliind  in  a  stale  of  purity.  It  is  a  green  co- 
loured, bitter  tasted  substance,  possessing  most  of  the  pro- 
perties of  resins.  It  has  been  already  described  in  tlie  pre- 
ceding Chapter.  One  hundred  parts  of  bile  contain  about 
three  parts  of  resin. 

If  acetate  of  lead  be  poured  into  bile  tlius  deprived  of  its 
resin  by  the  superacetate,  a  new  and  more  copious  precipi- 
tate falls,  consiiitii^  of  tlie  oxide  of  lead  united  to  a  peculiar 
substance,  which  gives  bile  most  of  its  characters.  This  sub- 
staucc  was  tirst  described  in  detail  by  Tlienard,  who  has 
given  it  the  name  of  picromeL  The  comp'iund,  consislii^ 
of  oxide  of  lead  and  picromel,  is  soluble  in  acetic  acid.  Jf 
a  current  of  sulphureted  hydrogen  gas  be  passed  through  the 
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•olutioo,  tfaii^d  18  separated ;  and  by  filtwiog  and  evaporar 
ting  the  liquid  t^  dryness,  the  picroniel  is  ot^tained  in  a  sepe- 
sate  state.  When  bile^  mixed  with  nii|natic  acid  ^nd  filter- 
ed, is  set  aside  for  some  months  in  an  open  yessel,  I  have 
ieen  the  picroniel  separate  of  its  own  accord.  It  is  a  white 
solid  substance  in  small  globules.  It  has  a  BmeeX,  and  it  the 
9ame  time  an  acrid  taste,  and  is  often  somewhat  biitter  from 
ipetaining  a  portion  of  th^  resin.  It  facilitates  the  solution  of 
xesm  in  watef :  three  parts  of  picromel  and  one  part  of  reaii 
dissolve  in  water. 

Qy  ev^poratii^  ^  <piantity  of  bile  to  dr^ness^  calcmii^  i^ 
pfnd  procejsding  in  the  usual  way,  Thenard  ascertraed  tbe 
proportion  of  salts  which  it  contained.  The  follo^iiiBg  w^ 
t)ie  resiflt  of  his  analysis  pf  800.  parts  of  bile. 

» 

700:0  water. 
24*0  resin. 
60*3  picromel. 

4*5  yellow  matter. 

A'O  soda. 

2*0  phosphate  of  soda. 

5*d  muriate  of  soda. 

P'8  sulphate  of  soda. 

1*2  phosphate  of  lime, 
oxide  of  iron,  a  trace. 


8pO*0 


2.  Such  are  the  properties  ai^d  the  constituents  of  ox  bile| 
as  far  as  they  have  been  examined  by  Tbenard.  From  die 
^periments  of  the  same  chemist  it  appeal's,  that  the  bile  of 
the  calf,  the  do^;,  the  sheep,  and  the  cat,  resemttle  that  of 
the  ox  exac^^  both  in  their  properties  and  their  consti- 
tiients. 


r 

I  3.  The  bile  of  the  sow  differs  entirely  from  tUoC^  all  these 
"  BDimals.  It  contains  neither  albumen,  nor  animal  matter,  nor 
picroniel,  but  is  merely  a  soap,  as  it  contains  a  great  quanti- 
ty of  resin  and  of  soda,  and  is  decomposed  with  foeility  by 
all  the  acids,  even  by  vinegar.  It  contains  traces  also  of  se- 
veral salts  ;  but  Theiiard  did  not  ascertain  their  nature. 

4.  The  bile  of  the  common  hen,  of  the  turkey,  and  the 
duck,  has  a  good  deal  of  reaeiublauce  to  tliat  of  quadrupeds. 
But  it  differs  iu  the  followii^  particulars  :  1.  It  eoiitains  a 
considerable  quantity  of  albumen ;  2.  The  picFomel  has  do 
sensible  siieet  taste,  but  is  very  acrid  and  bitter  ;  3.  it  con- 
tains very  little  soda;  4.  I'he  reaiii  is  not  precipitated  by 
common  superacetate  of  lead  ;  but  superacetate,  boiled  with 
one-fouvtK  of  its  weight  of  litharge,  occasions  it  to  ^leci^- 
tate. 

3.  The  bile  of  the  thomback  and  salmon  is  yellowish  wbite. 
When  evaporated  it  ieaives  a  matter  which  has  a  very  sweet 
and  slightly  acrid  taste.  It  appears  to  contaui  no  restn.  The 
bile  i/f  the  c^p  and  the  eel  is  very  green,  vei'y  bitter,  contains 
little  or  uo  albumen,  but  yields  soda,  resin,  and  a  sweet  acrid 
matter  similar  to  that  which  may  be  obtamed  from  salmon 
bile. 

6.  Human  bile  differs  considerably  from  that  of  all  other 
anifBals  examined,  its  taste  is  not  very  bitter.  It  is  seldom 
completely  liquid,  but  Usually  contains  some  yellow  matter 
suspended  ni  it.  W  hen  evaporated  to  dryness  it  leaves  a 
brown  matter  amountuig  to  about  rr^h  of  the  original  weight. 
All  tlte  acids  decompose  human  bile,  and  tlirow  down  a  co< 
pious  precipitate  consisting  of  albumen  and  resin.  The  fol- 
lowing were  tlie  proportimis  of  die  coustituents  obtained  by 
Thenard  from  1 100  parts  of  human  bile  : 

lOOO-O  water. 

from  3  to  10  yellow  insoluble  matter. 
yellow  matter  in  solution,  a  trace. 
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42'0  albmneu. 
41'0  resin. 

5-6  soda. 

4'5  phosphate  of  soda,  sulphate  of  soda,  muriate  of  s 
da,  phosphate  of  lime,  oxide  of  iroa. 

Sect.  XIII.     Of  the  Cerumen  of  ike  Ear. 

Cerumen  is  a  viscid  yellow-coloured  liquid  secreted  by  tl 
glands  of  the  auditory  canal,  which  gradually  becomes  con 
xrete  by  exposure  lo  the  air. 

Jt  has  an  orange-yellow  colour  and  a  bitter  taste.  VVhei 
slightly  heated  upon  paper,  it  melts,  and  stains  the  paper  liki 
an  oil  i  at  the  same  time  it  emits  a  slightly  aromatic  ndotw 
On  burning  coals  tt  softens,  emits  a  white  smoke,  which  r 
aembles  that  given  out  by  burning  &t ;  it  afterwards  melb 
swells,  becomes  dark-coloured,  and  emits  an  aminoctiact 
and  empyreumatic  odour.     A  light  coal  remains  beliind. 

When  agitated  in  irater,  cerumen  forms  a  kind  of  emd 
sion,  which  soon  putrefies,  depositing  at  the  same  time  whit 
flakes. 

Alcohol,  when  assisted  by  heat,  dissolves  five-eighths  c 
the  cerumen ;  the  three-eighths  which  remain  behind  hav 
the  properties  of  albumen,  mixed  however  with  a  tittle  oili 
matter.  When  the  alcohol  is  evaporated,  it  leaves  a 
orange  residuum  of  a  very  bitter  taste,  having  a  smell  and  « 
consistence  analogous  to  turpentine.  It  melts  when  heated^ 
evaporates  in  a  v.h\\e  smoke  without  leaving  any  residuuidi 
and  in  short  resembles  very  strongly  the  redn  of  title.  Elhei 
also  dissolves  this  oily  body ;  but  it  is  much  less  bitter  a 
much  lighter  coloured.  When  the  albuminous  part  of  ceniM 
men  is  burnt,  it  leaves  traces  of  soda  and  of  phosphate  e 
lime.  From  these  facts  Vauquelin  considers  cerumen  a> 
composed  of  the  following  substances : 


TEARS  AND  MUCUS. 


1.  Albumen. 

S.  An  inspissated  oil. 

3.  A  colouring  matter. 


4.  Soila. 

5.  Phosphate  of  liin*. 


SecT.  XIV.     Of  Tears  and  Mucus. 

The  liquid  called  tears  is  transparent  and  colourless  like 
water;  it  has  scarcely  any  smell,  but  its  taste  is  always  pei^ 
ceptibly  salt.  Its  specific  gravity  is  somewhat  greater  than 
that  of  distilled  water.  It  gives  to  paper  stained  with  the 
juice  of  the  petals  of  malloivs  or  violet  a  permanently  green 
colour,  and  therefore  contains  £  fised  alkali.  Il  uinles  with 
water,  whether  cold  or  hot,  in  all  proportions.  Alkalies 
unite  with  it  readily,  and  render  it  more  fluid.  The  mineral 
acids  produce  no  apparent  change  upon  it.  Exposed  to  the 
air,  this  liquid  gradually  evaporates,  and  becomes  thicker. 
Mhen  nearly  reduced  to  a  state  of  dryness,  a  number  of  cu- 
bir  crystals  form  in  the  midst  of  a  kind  of  mucilage.  These 
crystals  possess  the  pr.perties  of  muriate  of  soda;  but  they 
tinge  vegetable  blues  green,  and  therefore  contain  an  excess 
of  soda.  The  mucilaginous  matter  acquireif  a  yellowish  co- 
lour as  it  dries. 

When  alcohol  is  poured  into  this  liquid,  a  mucilaginous 
matter  is  precipitated  in  ilie  form  of  large  white  flakes.  'ITie 
alcohol  leaves  behind  it,  when  evaporated,  traces  of  muriate 
of  soda  and  soda.  The  residumn  vthich  remains  behind, 
uhcn  inspissated  tears  are  burnt  in  the  o})en  air,  exhibits 
some  traces  of  phosphate  of  lime  und  phosphaie  of  soda. 

llius  it  appears  that  tears  are  composed  of  the  following 
ingredients : 

1.  Water.  4.  Soda. 

2.  Mucus  5.  Phosphate  of  lime. 
S.  Muriate  of  soda.            6.  Phosphate  of  soda. 
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Tlie  saline  parts  amount  only  to  about  O'Ol  of  tlie  whole, 
or  probably  not  so  tnucli. 

.  £.  The  niucus  of  the  nose  has  also  been  examined  by 
Fourcroy  and  Vauquelin.  They  found  it  composed  of  pre- 
cisely the  same  ii^redients  with  the  tears.  As  this  fluid  is  more 
exposed  to  the  action  of  the  atr  ihun  the  tears,  in  most  cases  ita 
mucilage  has  undergone  less  or  more  of  that  change  which 
is  the  consequence  of  tlie  absorption  of  oxygen.  H«uce  thfh 
reason  of  the  greater  viscidity  and  consistence  of  the  tmio 
(if  the  nose ;  hence  also  the  great  consistence  which  it  act^ii 
diirmg  colds,  where  the  action  of  the  atmosphere  is  assist 
by  the  increased  action  of  the  parts. 

3.  As  to  the  mucus  which  lubricates  the  alimentary  can 
die  trachea,  the  broiichix,  the  urethra,  and  all  the  differ* 
cavities  of  the  body,  nobody  has  hitherto  subjected  it  to  ai 
lysis,  because  it  cannot  be  obtained  in  sufficient  quantity, 
is  viscid,  and  no  doubt  contains  a  mucilaginous  substara 
similar  to  that  contained  in  the  saliva,  the  tears,  and  the  u 
cus  of  the  nose;  as,  like  these  liquids,  it  is  hable  to  becoi 
much  more  thick  by  exposure  to  the  air. 

Sect.  XV.     Liquor  of  tlie  Pericardium. 

This  is  Is  a  liquor  which  lubricates  tlie  heart.    It  has  be4 
■  lately  examined  by  Dr  Bostock,  having  been  obtained  £ 
the  pericardium  of  a  boy  who  had  died  suddenly. 

It  had  the  colour  and  appearance  of  the  serum  of  t 
blood.  Evaporated  to  dryness,  it  left  a  residue  a 
to  I'jih  of  its  weight.  When  exposed  to  the  heat  of  boifi 
vater,  it  became  Opaque  and  thready.  It  was  copiously  piJ 
cipitated  by  oxymuriate  of  mercury  iiefore  boiling ;  but  wW 
boiled,  evaporated  to  dryness,  and  re-dissolved,  the  solutk 
was  not  uffected  by  oxymuriate  of  mercury.  These  exped 
nicnts  ^'Uo^v  us  that  it  contained  albumen.     When  satiuatei 
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with  onj^niuriflte  of  mercury,  hifuBion  of  galls  produced  no 
'  effect,  indicatiiig  the  absence  of  gelatine.  It  was  copiously 
precipitated  by  neutral  acetate  of  lead,  even  after  being 
boiled  to  dryness  and  the  residue  re-dissolved  in  water.  Ni- 
trate of  silver  indicated  the  presence  of  muriatic  acid.  Dr 
Bostock,  from  his  experiments,  considers  it  composed  of 

Water 920 

Albumen 5*5 

Mucus M     >2-0 

Muriate  of  soda  •> 0'3 


Sect.  XVI.     Of  the  Humours  of  Ike  Ei/e. 

The  eye  is  one  of  the  most  delicate  and  complicated  or- 
gans in  the  body;  at  the  same  time  its  structure,  and  the  uses 
of  its  parts,  are  better  understood  than  almost  any  of  the 
other  instnunents  of  sensation.  It  is  composed  of  several 
concentric  coats,  which  have  not  been  chemically  examined ; 
but,  from  the  experiments  of  Hatchett  on  simitar  substances, 
we  may  consider  it  as  probable  that  they  possess  the  pro- 
perties of  coagulated  albumen.  The  internal  part  of  the  eye 
is  cbiefly  tilled  with  thiee  transparent  substances,  ivhicb  have 
been  called  humours  by  anatomists ;  namely,  1.  The  aqtieoiis 
humour,  immediately  behind  the  cornea ;  2.  The  cijstaUiiie 
humour  or  leiisei  and,  3.  Tlie  vilreous  /tumour,  behind  the 
Jense,  and  occupying  the  greatest  part  of  the  eye. 

1.  The  aqueous  humour  of  the  eye  of  the  sheep  is  a  clear 
b-anspar^nt  liquid  like  water,  which  has  veiy  little  smell  or 
taste  when  fresh.  Its  specific  gravity  is  fOOQO  at  llie  tem- 
perature of  GO".  It  appears  to  be  water  slightly  impregna- 
ted with  the  following  snbstauces: 

I.  Albumen.  2.  Gelatine.  3.  Muriate  of  soda. 
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.  €.  The  vitreous  matter  possesses  the  very,  same  properties 
^  as  the  aqueous ;  even  its  specific  gravity  is  the  same,  or  on- 
ly a  veiy  little  greater. 

3.  The  crystallme  lense  is  solid :  densest  in  the  centre,  and 
becoming  less  solid  towards  the  circumference.  It  is  com- 
posed of  concentric  coats,  and  is  transparent.  Its  specific 
gravity  is  1*  lOOQ.  When  fresh  it  has  little  taste.  It  putre- 
fies very  rapidly. 

It  is  almost  completely  soluble  in  water.  Tlie  solution 
is  partly  coagulated  by  heat,  and  gives  a  copious  precipitate 
with  tannin  both  before  the  coagulation  and .  after  it.  It 
gives  no  traces  of  muriatic  acid.  Hence  it  is  composed  of 
albumen  and  gelatine  united  to  water.  According  to  Nicho- 
las, the  quantity  of  gelatine  diminishes  as  we  approach  the 
centre  of  the  lense,  where  it  is  very  small.  He  detected 
phosphate  of  lime  likewise  fn  every  part  of  the  lense. 

The  humours  of  the  human  eye  are  composed  of  the  same 
ingredients  as  those  of  the  sheep ;  the  only  perceptible  dif- 
ference consists  in  their  specific  gravity.  The  specific  gra- 
vity of  the  human  aqueous  and  vitreous  humours  is  1*00^5; 
tliat  of  the  crystalline  1*0790. 

The  humours  of  the  eyes  of  oxen  resemble  those  of  the 
sheep  in  their  composition.  The  specific  gravity  of  the 
aqueous  and  vitreous  humours  is  1*0088 ;  that*8lf  the  crystal- 
line 10765. 

Sect.  XVII.     Of  Sinovia. 

• 

Within  the  capsular  ligament  of  the  different  jomts  of  Ac 
body  there  is  contained  a  peculiar  liquid,  intended  evidently 
to  lubricate  the  parts,  and  to  facilitate  their  motion^  Thb 
liquid  is  known  among  anatomists  by  the  name  of  siTiovia. 

Tlie  sinovia  of  the  ox,  when  it  has  just  fiowed  from  the 
joiut,  is  a  viscid  semitrausparent  fluid,  of  a  greenish  white 
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colour,  and  a  smell  not  uiilike  frog-spawn.  It  very  soon  ac- 
quires the  consistence  of  jelly ;  and  this  happens  equally 
whether  it  he  kept  in  a  cold  or  a  hot  temperature,  whether 
it  be  exposed  to  the  air  or  excluded  from  it.  This  consist- 
ence does  not  continue  long;  the  ainovia.soon  recovers  again 
its  fluidity,  and  at  the  same  time  deposites  a  thready-like 
matter. 

Siiiovia  mixes  readily  with  ^vater,  and  imparts  to  that  li- 
quid a  great  deal  of  viscidity.  The  mixture  froths  when 
agitated ;  becomes  milky  when  boiled,  and  deposites  some 
pellicles  on  the  sides  of  the  dish ;  but  its  viscidi^  is  not  di- 
minished. 

When  alcohol  is  poured  into  sinovia,  a  white  substance 
precipitates,  which  has  all  the  properties  of  albumen.  One 
hundred  parts  of  sinovia  contain  4-52  of  albumen.  The  li- 
quid still  continues  as  viscid  as  ever ;  but  if  acetic  acid  he 
poured  into  it,  the  viscidity  disappears  altogether,  the  liquid 
becomes  transparent,  and  deposites  a  quantity  of  matter  in 
white  direads,  which  possesses  the  following  properties: 
1.  It  has  the  colour,  smell,  taste,  and  elasticity  of  vegetable 
gluten.  2.  It  is  soluble  iu  concentrated  acids  and  pure  al- 
kalies. 3.  It  is  soluble  in  cold  water;  the  solution  froths. 
Acids  and  alcohol  precipitate  the  fibrous  matter  in  flakes. 
One  hundred  parts  of  sinovia  contain  1 ISQ  of  this  matter. 

Margueron  found  that  100  parts  of  siuovia  contained  about 
0'71  of  soda. 

When  sinovia  is  exposed  to  a  dry  atmosphere,  it  gradtially 
evaporates,  and  a  scaly  residuum  remains,  in  which  cubic 
crystals,  and  a  white  saline  efflorescence  are  apparent.  The 
cubic  crystals  are  muriate  of  soda.  One  hundred  parts  of 
sinovia  contain  1'7A  of  this  salt.  The  saline  efflorescence  is 
carbonate  of  soda. 

From  the  analysis  of  Mr  Margueron,  it  appears  thai  siuo- 
via is  composed  of  the  following  ingredients : 
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1 1  *  86  fibrous  matter. 
4*52  albumen. 
1*75  muiiate  of  soda. 
•71  soda. 
N  '70  phosphate  of  lime. 

8046  fvtrter. 
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Sect. XVIII.     Of  Semen.. 

Th^  peculiar  liquid  secreted  in  the  testes  of  males,  and 
destined  for  the  impregnation  of  females,  is  knowu  by  the 
came  of  semen. 

Semen,  when  newly  ejected,  is  evidently  a  mixfare  of  two 
different  substances :  the  one  fluid  arid  milky,  which  is  sup- 
posed to  be  secrieted  by  the  prostate  gland;  the  other,  which 
is  considered  as  the  true  secretion  of  the  testes,  is  a  thick 
mucilaginous  substance,  in  which  numerous  white  shining  fi- 
laments  may  be  discovered.  It  has  a  slight  disagreeable 
odour,  an  acrid  irritating  taste,  and  its  specific  gravity  is 
greater  than  that  of  water.  AMien  rubbed  in  a  mortar  it  be- 
comes frothy,  and  of  the  consistence  of  pomatum,  in  conse- 
quence of  its  enveloping  a  great  imniber  of  air-bubbles.  It 
converts  paper  stained  with  the  blossoms  of  mallows  or  vio- 
lets to  a  green  colour,  and  consequently  contains  an  alkali. 

As  the  liquid  cools,  the  mucilaginous  part  becomes  trans- 
parent, and  acquires  greater  consistency ;  but  in  about  tw«i- 
ty  minutes  after  its  emission,  the  whole  becomes  perfectly  li- 
quid. This  liquefaction  is  not  owing  to  the  absorption  of 
moisture  from  the  air,  for  it  loses  instead  of  acquiring  weight 
during  its  exposure  to  the  atmosphere ;  nor  is  it  owing  to 
the  action  of  the  air,  for  it  takes  place  equally  in  close 
vessels. 
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When  oxymuriatic  acid  is  poured  into  semen,  a  number  of 
while  Hakeii  precipitate,  aiid  the  acid  loses  its  peculiar  odour. 
Tliese  flakes  arc  insoluble  in  water,  and  even  in  acids.  If 
the  quantity  of  acid  be  sufficient,  the  semen  acquires  a  yellow 
colour.  Thus  it  appears  that  semen  contains  a  mucilaginous 
substance  analogous  to  that  of  the  tears,  which  coagulates  by 
absorbing  oxygen.  Mr  Vauquelin  obtained  from  100  parts 
of  semen  six  parts  of  this  mucilnge. 

When  semen  is  exposed  to  the  air  about  the  temperature 
of  60°,  it  becomes  gradually  covered  with  a  transparent  pel- 
Jicle,  and  in  three  or  four  days  dcposites  small  transparent 
crystals,  often  crossing  each  uUier  in  such  a  manner  as  to  re- 
present the  spokes  of  a  wheel,  'fiiese  crystals,  when  viewed 
through  a  microscope,  appear  to  be  four-si^ed  prisms,  termi- 
nated by  very  long  four-sided  pyTamids.  They  may  be  sepa- 
rated by  diluting  the  Hqiud  with  water,  and  decanting  it  off. 
They  ha*e  all  the  properties  of  phosphate  of  lime.  If,  after 
the  appearance  of  these  crystals,  the  semen  be  still  allowed 
to  remain  exposed  to  the  atmosphere,  the  pellicle  on  its  sur- 
face gradually  thickens,  and  a  number  of  white  round  bodies 
appear  on  different  parts  of  it.*  These  bodies  also  are  phos- 
phate of  lime,  prevented  from  crystallizing  regularly  by  the 
too  rapid  abstraction  of  moisture.  Mr  Vauquelin  found  that 
100  parts  of  semeu  jcoalain  tlu-ee  parts  of  phosphate  of  lime. 
If,  at  this  period  of  the  evaporation,  die  air  becomes  moist, 
other  crystals  appear  in  the  semen,  which  have  llie  proper- 
ties of  carbonate  of  soda.  The  evaporation  does  not  go  on 
to  complete  exsiccation,  unless  at  the  temperature  of  77°, 
and  when  llie  air  is  very  dry.  When  all  the  moisture  (s  eva- 
porated, the  semen  has  lost  09  of  its  weight ;  the  residuum 
is  semi  transparent  like  horn,  and  hritde. 

Thus  it  appears  that  semen  is  composed  of  tlie  following 
ingredieuts  : 


» 
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90  water. 
6  mucilage. 
3  phosphate,  of  linie. 
1  soda. 
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Sect.  XIX.     Cf  Animal  Poisons. 

Several  aniiaals  are  fiirnished  with  liquid  juices  of  a  poi- 
sonouB  nature^  which,  when  poured  into  fredi  wounds,  occa- 
sion the  disease  or  death  of  the  wounded  animal.  Serpents, 
bees,  scorpions,  spiders,  are  well,  known  examines  of  such 
animals.  The  chemical  properties  of  these  poisonous  jmces 
deserve  peculiar  attention ;  because  it  is  only  from  such  an 
investigation  that  we  can  hope  to  explain  the  fatal  changes 
which  they  induce  on  the  animal  economy,  or  to  discover  aq 
antidote  sufficiently  powerful  to  counteract  their  baneful  ia- 
fluence.  Unfortunately .  the  task  is  difficult,  and  perhaps 
surpasses  our  chemical  powers.  For  the  progress  already 
made  in  the  investigation,  w^are  indebted  almost  entirely  to 
the  labours  of  Fontana. 

'  1 .  The  poison  of  the  viper  .is  a  yellow  liquid,  which  lo^es 
HI  two  small  vesicles  in  the  animal's  mouth.  These  commu- 
nicate by  a  tube  with  the  crooked  fangs,  which  are  hollow, 
and  terminate  in  a  small  cavity.  When  the  animal  bites,  the 
vesicles  are  squeezed,  and  the  poison  is  forced  dux>ugh  the 
fangs  into  the  wound. 

,  This  poisonous  juice  occasions  the  fatal  effects  of  the  vi- 
per's bite.  It  has  a  yellow  colour,  has  no  tast^ ;  but  when 
applied  to  the  tongue  occasions  numbness.  It  has  the  ap« 
pearance  of  oil  before  the  microscope,  but  it  unites  readily 
with  water.     It  produces  no  change  on  vegetable  blues. 
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When  exposed  to  the  open  air,  the  watery  part  graduallj 
evaporates,  and  a  yellowish-browTi  substance  remains,  which 
has  the  appearance  of  gum  arabic.  In  this  state  it  feels  vis- 
cid like  gum  between  the  teeth ;  it  dissolves  readily  in  water, 
but  not  in  alcohol;  and  alcohol  throws  it  down  in  a  white 
powder  from  water.  Neither  acids  nor  alkaliee  have  much 
effect  upon  it.  It  does  not  unite  with  volatile  oils  nor  sut- 
phuret  of  potash.  When  heated  it  does  not  melt,  but  swell-, 
and  does  not  inflame  till  it  has  become  black.  These  pro- 
perties are  similar  to  the  properties  of  gum,  and  indicate  the 
gummy  nature  of  this  poisonous  substance.  Fonlana  made 
a  set  of  experiments  on  the  drj'  poison  of  the  viper,  and  a  si- 
milar set  ou  gum  arabic,  and  obtained  die  same  results. 

From  the  late  observations  of  Dr  Russel,  there  is  reason 
to  believe  that  the  poisonous  juices  of  the  other  serpents  are 
similar  in  their  properties  to  those  of  the  viper. 

This  striking  resemblance  between  gums  and  the  poison  of 
the  viper,  two  substances  of  so  opposite  a  nature  in  their  ef- 
fects upon  the  living  body,  is  a  humiliating  proof  of  the  small 
progress  we  have  made  in  the  chemical  knowledge  of  diese 
intricate  substances.  The  poison  of  the  viper,  and  of  ser- 
pents in  general,  is  most  hurtful  when  mixed  with  the  blood. 
Taken  into  the  stomach  it  kills  if  the  quantity  be  consider- 
able. Foutana  has  ascertained  that  its  fatal  effects  are  pro- 
portional to  its  quantity,  compared  with  the  qnantity  of  the 
blood.  Hence  the  danger  diminishes  as  die  size  of  the  ani- 
mal increases.  Small  birds  and  quadrupeds  die  immediately 
when  they  are  bitten  by  a  viper ;  but  to  a  fidl-sized  man  the 
bite  seldom  proves  fatal. 

Ammonia  has  bein  proposed  us  an  antidote  to  the  bite  of 
the  viper.  It  was  introduced  in  consequence  of  the  theory 
of  Dr  Mead,  that  the  poison  was  of  an  acid  nature.  The 
numerous  trials  of  that  medicine  by  Funtana  robbed  it  of  all 
its  celebrity ;  but  it  has  been  lately  revived  and  reconmiend-, 
ttg2 
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ed  by  Dr  Ramsay  as  a  certain  cure  for  the  bite  of  the  rat^le- 
Qliake. 

2.  The  venom  of  the  bee  and  the  wasp  is  also  a  liquid 
contained  in  a  small  vesicle  forced  through  the  hollow  tube 
of  the  sting  into  the  wound  inflicted  by  that  instruments 
from  the  experiments  of  Fontana^  we  learn  that  it  bears  a 
striking  resemblance  to  the  poison  of  the  viper.  That  of  the  ^ 
bee  is  niuch  longer  in  drying  wheq  exposed  to  the  air  than 
the  venoni  of  the  wasp. 

3.  The  poison  of  the  s^o^pioq  resembles  that  of  the  viper 
^so.  But  its  taste  is  Hot  and  acrid,  whi9h  is  the  case  also 
with  the  venom  of  the  bee  and  the  wasp. 

4.  No  experiments  upon  which  we  can  rely  h^ve  b^ei) 
|nade  upon  die  poison  of  the  spide^  tribe.  From  the  rapi- 
dity with  which  these  animals  destroy  their  prey,  and  eveq 
one  another,  we  cannot  doubt  that  their  poisoa  is  sufficiendy 
firulent. 

•     •  "  * 

Sect.  XX.    Of  Sweat. 

A  quantity  of  matter  is  constantly  emitted  from  the  skin; 
this  matter  i^  invisible,  and  is  distinguished  by  the  name  of 
perspiration.  Several  experimepts  were  made  by  Lavoisier 
and  Seguin  to  ascertain  its  amount.  Mr  Cruickshanks  made 
pumerous  trials  to  determine  its  nature,  and  it  has  been  late- 
ly subjected  to  a  chemical  exaxpination  |>y  Thenard. 

I.  Mr. Cruickshanks  put  his  hand  into  a  glass  vessel,  and 
luted  its  mouth  at  his  wrist  by  means  of  a  bladder.  The  in- 
terior  surface  of  the  vessel  became  gradually  dim,  and  drops 
pf  water  trickled  down.  By  keeping  his  hand  in  this  manner 
for  an  hour,  he  collected  SO  grams  of  a  liquid,  which  pos- 
sessed all  the  properties  of  pure  water.  On  repeating  the 
same  experiment  at  nine  in  the  evenii)g  (thermometer  62*), 
\Lf.  collected  only  12  gjrains.  The  mean  of  these  is  21  grains. 
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Bill  as  the  hand  is  more  exposed  than  the  trunk  of  the  body,  it 
bVeasonable  to  suppose,  lliat  the  perspiration  from  it  is  greatei' 
than  that  from  the  hand  Let  us  therefore  lake  30  grains  per 
hour  as  the  mean ;  and  let  us  suppose,  with  Mr  Cruick- 
shanks,  that  the  hand  is  ^th  of  the  surface  of  the  body  :  The 
perspiration  in  an  hour  would  amount  to  1S80  grains,  and 
in  24  hourt  to  40,200  grains,  or  seven  pounds  sis  ounces 
troy.  This  is  almost  double  of  the  quantity  ascertained  by 
liavoisier  and  Seguin.  Hence  we  may  conclude  that  more 
matter  is  perspired  through  the  hand  than  the  other  parts  of 
tlie  body,  provided  Mr  Crnickshauks's  estimate  of  the  ratio 
between  the  surface  of  the  hand  and  body  be  not  erroneous. 
He  repeated  the  experiment  again  after  hard  exercise,  and 
collected  in  an  hour  43  grains  of  water.  He  found  also,  that 
this  aqueous  vapour  pervaded  his  Stocking  without  difficulty ; 
and  that  it  made  its  way  through  a  shamoy  leather  glove,  and 
even  through  a  leather  boot,  though  in  a  much  smaller  quan- 
tity than  when  the  leg  wanted  that  covering. 

2.  Besides  water,  it  cannot  be  doubled  that  carbon  is  also 
emitted  from  the  skin;  but  in  what  state,  the  experiments 
hitherto  made  do  not  enable  us  fo  decide'.  Mr  Cruickshnnka 
found  that  the  air  of  the  glass  vessel  in  which  his  hand  and 
foot  had  been  confined  for  an  hour  contained  carbonic  acid 
gas ;  for  a  candle  burned  dimly  in  it,  and  it  rendered  lime- 
water  turbid. 

3.  Besides  water  and  carbon,  or  caibonic  acid  gas,  the 
skin  emits  also  a  particular  odorous  substance.  That  every 
animal  has  a  peculiar  smell,  is  well  known :  the  dog  can  dis- 
cover his  master,  and  even  trace  -him  to  a  distance,  by  tlie 
scent.  A  dog,  chained  some  hours  after  his  master  had  set 
out  on  a  journey  of  some  hundred  miles,  followed  his  foot- 
steps by  the  smell,  and  found  him  on  the  third  day  in  the 
midst  of  a  crowd,  But  it  is  needless  to  multiply  instances 
•f  Uiis  fact ;  they  are  too  well  known  to  every  one.     Now 

Gg3 
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this  smell  must  be  owing  to  some  peculisir  matter  Y^ludi  9 
coostantly  emitted;  and  this  matter  must  differ  sonuwlnt  ei- 
ther in  quantity  or  some  other  property,  as  we  see  tiMit  4^ 
dog  easily  distinguishes  the  individual  by  moans  of  it.  Mr 
Cruickshanks  has  made  it  probable  that  thi^  matter  is  an  oilj 
substance ;  or  at  least  that  there  is'  an  oUy  suhstaoce  eimttsd 
by  the  skin.  He  wore  repeatedly,  night  and  day  for  a  mndli 
the  same  vest  of  fleecy  hosiery  during  the  hottafit  part  of  tfas 
summer.  At  the  eqd  of  this  time  he  always  found  an  oilj 
substance  aec^iimulated  in  considehible  ma0ses  qq  the  nap  <f 
the  inner  surface  of  the  vest,  in  the  form  .of  black  t9avs« 
When  rubbed  on  paper,  it  n^akes  it  bransparenty  a^  hardens 
on  it  like  grease.  Jt  bums  with  a  white  flame^  and  Waves 
l^ehind  it  a  cbarry  residuum. 

4.  Bertholli^t  has  observed  the  perspiration  acid ;  and  he 
has  concluded  that  the  acid  which  is  present  is  die  phospho- 
ric :  but  that  has  not  been  proved.  Indeed  the  late  experi- 
ments of  Thenard  have  proved  that  the  acid  in  p^rq^dred 
matter  is  not  the  phosphoiic ;  but  the  acetic.  He  employed 
tlie  method  practised  by  Mr  Cruickshanks  to  collect  diis 
matter.  Different  persons  wore  c^lean  flannel  waistcoats  next 
their  skin  for  ten  days,  the  waistcoats  had  been  first  washed 
with  soap,  then  in  pure  water,  then  in  water  acidulated  with 
muriatic  acid,  and  lastly  in  a  great  quantity, of  pure  water. 
He  steeped  the  waistcoats  in  hot  distilled  water,  and  thus  se- 
parated from  them  the  perspired  matter.  The  liquid  was 
put  into  a  retort,  and  concentrated  to  the  consistence  of  a 
syrup.  The  liquid  which  came  over  had  a  disagreeable 
smell,  and  reddened  infusion  of  litmus.  Kept  in  an  opai 
vessel  it  retained  its  transparency,  but  lost  its  odour.  The 
residue  in  the  retort  had  no  smell.  It  was  strongly  acid,  and 
tasted  distinctly  of  common  salt,  while  at  the  sajine  time  an 
acrid  and  hot  flavour  could  be  distinguished.  When  evapo- 
rated to  dryness  and  strongly  heated,  the  acid  which  it  qon- 
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tallied  was  dissipated  or  destroyed,  and  the  reBidiie  consisted 
of  common  salt,  charcoal,  and  minute  ttacea  of  phosphate  of 
lirae,  and  oxide  of  iron.  The  same  ifttruction  of  the  acid 
took  place  if  it  was  previously  saturated  with  potash  before 
it  was  heated  to  redness,  and  in  that  case  the  potash  was  con- 
verted into  a  carbonate,  When  saturated  with  an  alkali,  and 
distilled  along  with  phosphoric  acid,  it  yielded  an  acid  which 
possessed  all  the  characters  of  the  acetic. 

5.  'Vhe.  small  quantity  of  auiinal  matter  which  Thenard 
found  in  the  persptied  matter,  possessed  characters  which  in- 
duced him  to  coniider  it  as  similar  to  gelatine  in  its  nature. 

Sect.  XX.I— 0/  t/nW. 

Freah  urine  differs  considerably  in  its  appearance  accord- 
ing to  the  Btate  of  the  person  aud  the  time  at  which  it  is 
voided.  In  general,  healthy  urine  is  a  transparent  liquid  of 
a  light  amber  colour,  an  aromatic  odour  resembling  that  of 
violets,  aud  a  diaagreeabte  bitter  taste.  Its  speci£c  gravity 
varies,  according  to  Mr  Cruickshanks,  from  1'005  to  1'053. 
When  it  cools,  the  aromatic  smell  leaves  it,  and  is  succeeded 
by  another,  i^ell  known  by  the  name  of  urinou*  smell. 

1.  Urine  reddens  paper  stained  widi  turnsole  and  with 
the  juice  of  ludishes,  and  therefore  contains  an  acid.  This 
acid  has  been  generally  considered  as  the  phosphoric ;  but 
Thenaid  has  shown  that  it  is  iu  reality  die  acetic. 

2.  If  a  solution  of  ammonia  be  poured  into  fresli  urine,  a 
white  powder  precipitates,  which  has  tlie  properties  of  phos- 
phate of  lime. 

3.  If  the  phosphate  of  lime  precipatcd  from  urine  be  ex- 
amined, a  little  magnesia  will  be  fouud  mixed  with  it. 
Vourcroy  aud  Vauquelin  have  agcertaiued  that  this  is  owing 
to  a  little  phosphate  of  magnesia  which  urine  cootains,  and 
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which  is  decoinjK)sed  by  the  alkali  of  lime  employed. to  pre- 
cipitate the  phosphat^pf  lime. 

4.  Proust  informs^is  that  carbonic  acid  exists  in  urine^ 
and  that  its  separation  occasions  the  froth  which  appears 
during  die  evaporation  of  urine. 

5.  Proust  has  observed,  that  urine  kept  i»  new  casb  de- 
posits small  crystals  which  effloresce  in  the.  wis  and  &11  to 
powder.  These  crystals  possess  the  properties  of  the  carbo- 
nate of  timer 

6.  When  fresh  urine  cools,  it  often  lets  fall  a  brick-colour- 
ed precipitate,  which  Scheele  first  ascertained  to  be  crystals 
of  uric  acid.  All  urine  contains  this  acid,  even  when  no  sen- 
sible-precipitate appears  when  it  cools. 

7.  During  intermitting  fevers,  and  especially  during  &»- 
eases  of  the  liver,  a  copious  sediment  of  a .  brickriied  colour 
is  deposited  from  urine.  This  sediment  contains  the  rosacic 
acid  of  Proust. 

8.  If  fresh  urine  be  evaporated  to  the  consistence  of  a  sy- 
rup, and  muriatic  acid  be  then  poured  into  it,  a  precipitate 
appears  which  possesses  the  properties  of  benzoic  acid. 

9.  When  an  infusion  of  tannin  is  dropt  into  urine,  a  white 
precipitate  appears,  having  the  properties  of  the  combination 
of  tannin  and  albumen  or  gelatine.  Their  quantity  in  healthy 
urine  is  very  small,  often  indeed  not  sensible.  Cruickshank» 
found  that  the  precipitate  afforded  by  tannin  in  healthy  urine 
amounted  to  ^l^th  part  of  the  weight  of  the  urine. 

-  10.  If  urine  be  evaporated  by  a  slow  fire  to  the  consist- 
ence of  a  thick  symp,  it  assumes  a  deep  brown  colour,  and 
exhales  a  fetid  ammoniacal  odour.  When  allowed  to  cool, 
it  coAcretes  into  a  mass  of  crystals,  composed  of  allthecom- 
nonent  parts  of  urine.  If  four  dmes  its  weight  of  alcohol 
poured  into  this  mass,  at  intervals,  and  a  slight  heat  be 
kied,  the  greatest  part  of  it  is  dissolved.     The  alcohol 
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which  has  acquired  a  brown  colour,  is  to  be  decaBted  off, 
and  distilled  in  a  retort  in  a  sand  heat,  till  the  mixture  haa 
boiled  for  some  time,  and  acquired  ih^  consistence  of  a  sy- 
rup. By  this  time  the  whole  of  the  alcohol  has  passed  otF, 
and  the  matter,  on  cooling,  crystallizes  in  quadrangular 
plates  which  intersect  each  other.  This  substance  is  urea, 
which  composes  ^tlis  of  the  Qrlne,  provided  the  watery  part 
be  excluded.  To  this  substance  the  taste  and  smell  of  urine 
are  owing.  It  is  a  substance  which  characterizes  urine,  and 
constitutes  it  what  it  is,  and  to  which  the  greater  part  of  the 
very  singular  phenomena  of  urine  are  to  be  ascribed. 

11,  According  to  Fourcroj  and  Vauquelin,  the  colour  of 
urine  depends  upon  the  urea  :  the  greater  die  proportion  of 
urea,  the  deeper  the  colour.  But  Proust  has  delected  a  re- 
sinous matter  in  urine  similar  to  the  resin  of  bile  ;  and  to  tlu& 
substance  he  ascnbes  the  colour  of  urine. 

la.  If  urine  be  slowly  evaporated  to  the  consistence  of  a 
syrup,  3'  number  of  crystals  make  their  appearance  on  its 
surface;  these  |K>ssess  the  properties  of  the  muriate  of  soda. 

IS.  The  saline  residuum  which  remains  after  the  5e)>a' 
ration  of  urea  from  crystallized  urine  by  means  of  alcohol 
has  been  long  known  by  the  names  olJ'usiUe  salt  vf  urine 
and  microcasmic  salt. 

When  these  salts  are  exaiuined,  they  are  found  to  have  the 
properties  of  phosphates.  The  rhomboidai  prisms  consist 
of  phosphate  of  ammonia  united  to  a  little  phosphate  of  so- 
da ;  the  rectangular  tables,  on  the  cuntraiy,  are  phusphale  of 
soda  united  to  a  small  quantity  of  pbosphutt:  of  anmionia. 
Urine,  then,  contains  phosphate  of  soda  and  phosphate  of 
ammonia. 

14.  When  urine  is  cautiously  evaporated,  u  few  cubic 
crjstals  are  often  deposited  among  the  other  salts;  these ciy> 
lals  have  the  properties  of  muriate  of  ammonia. 
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15.  When  urine  is  boiled  in  a  silver  bason,  it  blackens  die 
bason ;  and  if  die  quantity  of  urine  be  large,  small  crusts  of 
sulpburet  of  silve^^  nilay  be  detached.  Hence  we  see  Aat 
urine  contidns  sulphur. 

Urine,  then,  contains  the  foUowbg  substances : 

1.  Water.  10.  Albumen. 

2.  Acetic  acid.  11.  Urea. 

3.  Phosphate  of  lime.  12.  Rean. 

4.  Phosphate  of  magnesia.       IS.  Muriate  of  soda. 

5.  Carbonic  acid.  14.  Phosphate  of  soda. 

6.  CarboniEite  of  lime  15.  Phosphate  of  ammonia. 

7.  Uric  acid.  16.  Muriate  of  ammonia. 

8.  Rosacicacid,  17.  Sulphur. 

9.  Benzoic  acid. 

*  These  are  die  only  substances  which  are  constantly  found 
in healdiy  urine;  but  it  contains  also  occanoiially  x>ther  sidn 
stances.  Very  often  muriate  of  potash  may  be  distinguished 
aniong  the  crystals  which  form  during  its  evaporation.  Tbe 
presence  of  this  salt  may  always  be  detected  by  droppii^ 
cautiously  some  tartaric  acid  into  urine.  If  it  bontsuns  mu- 
riate of  potash,  there  will  precipitate  a  little  tartar,  which 
may  be  easily  recognized  by  its  properties. 

Urine  sometimes  also  contains  sulphate  of  soda,  and  evea 
sulphate  of  lime.  The  presence  of  these  salts  may  be  ascer- 
tained by  pouring  into  urine  a  solution  of  muriate  of  barytes ; 
a  copious  white  precipitate  appears,  consisting  of  die  barytes 
combined  widi  phosphoric  acid,  and  with  sulphuric  acid,  if 
any  be  present.  Thiis  precipitate  must  be  treated  with  a 
sufficient  quantity  of  muriatic  acid.  The  phosphate  of  ba* 
rytes  is  dissolved,  but  the  sulphate  of  barytes  renoains  uual- 
altered. 


Sest.  XXII Of  Morbid  Concretions. 

Hard  substances  occasioDally  'make  tlieir  appearance  in 
different  purls  of  the  animal  body,  both  in  the  sdlidti  and  the 
cavities  destined  to  contain  the  fluids.  In  tlie  first  case  they 
aie  denominated  concrelions  or  osiificalioiis ;  ia  the  second 
calculi.  Their  formation  is  an  ij-regulaiity  in  the  animal 
oeconomy,  and  lliey  often  produce  the  most  excruciating  dis* 
ea^es.  Tltey '  may  be  divided  into  five  classes ;  namely, 
1.  Ossifications;  2.  Intestinal  concretions;  3.  Biliary  cal- 
culi ;  4.  Urinary  calculi ;  3.  Gouty  calculi. 

1.  Osn'Jications. 

Under  this  name  may  be  comprehended  all  the  concre- 
tions Hhich  make  then-  appearance  In  the  solii)  parts  of  the 
animal  body.  The  following  are  the  most  remarkable  of 
these: 

1.  Small  concretions  sometimes  form  in  the  pineal  gland. 
They  consist  of  phosphate  of  lime. 

f2.  Small  concrelions  someUnies  form  in  the  salivary 
glands.     These  likewise  consist  of  phosphate  of  lime. 

3.  Pulmonary  concretions  are  occasionally  coughed  up 
by  consumptive  patients.  Tliey  consist  sometimes  of  phos- 
phate of  lime,  sometimes  of  carbonate  of  lime,  and  £ome- 
times  of  a  mixture  of  both. 

4.  Hepatic  concretions  are  composed  of  phosphate  of 
lime,  and  a  tough  animal  membrane. 

5.  The  concretions  which  sometimes  form  in  the  prostate- 
gland  are  composed  of  phospbale  of  lime. 

2.  Intestinal  Concretions, 

Concretions  sometimes  form  in  the  stomach  and  intestines 
chiefly  of  the  inferior  animals.     Some  of  these  hare  been  ce- 
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lebrated  under  the  name  of  bezoars  for  their  medical  virtue. 
A  great  manj  of  them  have  been  analyzed^  and  no  fewer 
than  eight  species  have  been  ascertained. 
'  Tbe  first  species  consists  of  concretions  composed  of  sit- 
per4>hosphate  of  lime,  the  second  of  phosphate  of  magnesia, 
the  third  of  ammonio-phosphate  of  magnesia ;  the  fourth  of 
&e  yellow  matter  ofbile ;  the  fifth  of  a  green-coloured  re- 
sinous matter ;  the  sixth  of  small  fragments  of  the  boletm  ig- 
niarius ;  the  seventh  of  balls  of  hair  felted  together,  and  the 
8th  of  woody  fibre. 

3.  Biliary  Calculi* 

Hard  bodies  sometimes  form  in  the  gall  bladder  and  gall 
ducts,  and  occasion  pamful  diseailes.  Four  kinds  of  these 
calculi  have  been  distinguished ;  the  first  kind  is  composed  of 
a  matter  resembling  spermaceti  in  appearance,  soluble  in 
hot  alcohol,  and  crystallizing  as  the  alcohol  cools.  This 
matter  has  been  called  adiposire.  The  second  kind  are  an- 
gular, because  a  number  of  th^m  exist  in  the  gall  bladder  to- 
gether. They  are  composed  of  adiposire,  vnth  a  thin  exter- 
nal crust  of  yellow  matter  of  bile.  The  third  kind  are  of  a 
brown  colour,  and  are  supposed  to  be  composed  of  thealter- 
^  yellow  matter  of  bile*  The  gall-stones  of  oxen  usually 
are  of  this  kind.  The  fourth  kind  does  not  flame,  but  gra- 
dually waste  away  at  a'red  heat. 

4.  Viinary  Calculi. 

It  is  well  known  that  concretions  aot  unfrequently  form  in 
the  urinary  bladder,  and  occasion  one  of  the  most  dismal  dis- 
eases to  which  the  human  species  is  liable.  These  bodies  have 
been  carefully  and  repeatedly  examined  by  modern  chemists, 
M  ho  have  found  them  to  be  very  various  in  their  composi- 
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tion  No  less  than  nine  distinct  substances  have  been  found 
These  being  mixed  in  different  proportions,  occasion  great 
variation  in  the  composition  of  the  calculi.  The  following 
are  the  substances : 

1.  Uric  acid. 

2.  Phosphate  of  lime. 

3.  Phosphate  of  magnesia-aud-ammouiaf 

4.  Oxalate  of  lime. 

5.  Muriate  of  ammonia. 

6.  Magnesia. 

7.  Phosphate  of  iron. 

8.  Silica. 

9.  Urea. 

The  four  first  of  these  constitute  by  far  the  most  common 
and  abundant  ingredients  of  urinary  calculi. 

'     5.  Gouty  Concretions, 

It  is  well  known  that  concretions  occasionally  make  their 
appearance  in  joints  long  subject  to  the  gout.  These  con^ 
cretions,  from  their  colour  ^d  softness,  are  usually  distin- 
guished by  the  name  of  chalk-stones.  They  are  usually 
small,  though  they  have  been  observed  of  the  size  of  an  ^g. 
All  of  them  hitherto  examined  have  been  found  composed 
of  uric  acid  and  soda,  so  that  they  consist  of  the  salt  called 
prate  of  soda. 
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BOOK  ni. 


OF  AFFINITY. 


Having  taken  a  view  of  die  diffetent  lubstmces  which 
constitute  the  objects  of  chemistry,  it  renwbitfor  os  to  make 
a  few  remarks  on  the  force  by'  whkh  different  bodies  are 
united  -together,  and  kept  in  combination.  This  force  has 
received  the  name  of  affinity. 

All  th^  *  bodies  which  constitute  the  solar  sjf^.*'-  *arc 
urged  towarjf'  ''•V.  -  j  <i  force  which  preserves  them  in 
tb  ofhM  •jt^k--':^^^^!^  tbeir  motions^  This  force  has  re- 
c  v^ed  the  name  of  attraction.  Newton  demonstrated  that 
tills  f(9rce  is  the  same  with  gravitation^  or  the  force  by  which 
a  heavy  body  is  urged  towards  the  earth. 

When  two  bodies  are  brought  within  a  certain  distance, 
they  adhere  together,  and  require  a  considerable  force  to 
separate  them.  Hence  it  appears  that  bodies  are  not 
only  attracted  towards  the  planetary  bodies,  but  towards 
each  other.  In  all  cases  we  find  the  particles  of  matter  unit- 
ed together  in  masses,  differing  indeed  in  magnitude,  but  con- 
taining all  of  them  a  considerable  number  of  particles.  These 
particles  remain  united,  and  cannot  be  separated  without  the 
application  of  a  considerable  force. 

Thus  we  see  that  diere  is  a  certain  unknown  force  which 
urges  bodies  towards  each  other ;  a  force  which  acts  not  only 
upon  large  masses  of  matter,  but  upon  the  particles  of  which 
bodies  are  composed.  Attraction,  therefore,  as  far  as  we 
know,  extends  to  all  matter,  and  exists  mutually  between  all 
matter. 
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The  change  whicli  attractioD  produces  on  bodi^  is  a  di- 
minution of  their  distance.  Now  the  distances  of  bodies 
irom  each  other  are  of  two  kinds,  either  too  small  to  be  per- 
ceived by  our  senses,  or  great  enough  to  be  easily  perceived 
and  estimated.  Hence  the  attractions  of  bodies  as  far  as  re- 
gards us  naturally  divide  themselves  iuto  two  classes.  1. 
Those  which  act  at  sensible  distances  from  each  other.  2. 
Those  which  act  at  msensible  distances.  It  is  to  the  second 
of  these  attractions  that  the  term  chemical  affinity  has  been 

Chemical  affinity  then  is  the  attraction  which  exists  be- 
tween the  particles  of  bodies  which  urges  them  towards  each 
oti  a^d  keeps  them  united.  Now  die  pa^<<i-^s^of  matter 
are  of  two  kinds, either A/ffliOg- .  ■  j.iioi/'  '  -enmiis.  By 
homogeneous  particles  are  meant  t'li.  i  'v  ~\\  -  im- 

pose the  same  body ;  by  heterogeneous  those  which  comf -'i^e 
different  bodies.  Thus  the  particles  of  iron  are  homogeneoul ; 
but  a  particle  of  iron  and  a  particle  of  lead  are  heteroge- 
neous. 

Homogeneous  affinity  urges  the  homogeneous  parlicles  to- 
wards each  other,  aud  keeps  tliem  united.  It  is  usually 
denoted  by  the  term  cohesion,  and  sometimes  by  adhesion 
when  the  surfaces  of  bodies  only  are  referred  to. 

Heterogeneous  affini^'  urges  heteiogeneous  particles  to- 
wards each  other,  and  keeps  them  at  insensible  distances, 
aud  of  course  is  die  cause  of  the  formation  of  new  integrant 
particles  composed  of  a  certain  number  of  heterogeneous 
particles. 

Affinity,  hke  sensible  BttrBction,  varies  with  the  mass,  and 
tlic  distance  of  tiie  attracting  bodies ;  but  the  rate  at  which 
it  varies  remains  still  unknown.  The  characteristic  marki 
of  affinity  may  be  reduced  to  the  three  following. 

1 .  It  acts  only  at  insensible  distances,  and  of  course  af" 
fects  only  the  particles  of  bodifs. 
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^.  Its  /orce  is  always  the  same  in  the  same  particles,  but 
k  is  different  in  different  particles. . 

3.  This  difference  is  modified  considerably  by  die  mass. 
Thus,  though  A  have  a  greater  affinity  for  C  than  B  has,  if 
the  mass  of  B  be  considerably  increased  while  that  of  A  re- 
mains unchanged,  B  beeonues  capable  of  taking  a  p^  of  C 
from  A.  Let  us  now  take  a  particular  view  of  gases,  li- 
quids and  solids,  that  we  may  ascertain  in  what  way  they 
utiite,  and  how  far  their  combinations  are  influenced  by  the 
.state  of  the  bodies  themselves. 
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OF  GASES. 

Gases  are  elastic  fluids,  which  yield  to  the  smallest  im« 
pression,  and  have  their  parts  easily  riioved.  Their  elasticity 
varies  with  the  pressure,  and  hence  it  follows  that  their  par- 
ticles xnutually  repel  inversely  as  the  distances  of  Hheir  cen- 
tres from  each  other.  The  gaseous  bodies  at  present  known 
(including  some  vapours)  amount  to  23.  The  following  table 
eidiibits  their  names  and  their  specific  gravity. 


Gases. 

Air  .... 
Oxymuriatic  acid 
Nitric  acid  .  . 
Sulphurous  acid 
Vapotir  6f  ether 
Vapour  of  alcohol 
Muriatic  acid    . 


Sp.  gravity. 

•  l-OOO 

.  2-766 

.  2-427 

.  9.-^65 

.  2-250 

.  2-100 

.  1>929 
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Gazes. 

Sp.  gravity. 

Hyperoxymuriatic  acid    .     . 

.     

Fluoric  acid     ..... 

NitTDua  oxide    ..... 

.      1'603 
.     1-500 

Carbonic  acid   ..... 

f  llOS 
1-  1236 

Oxygen . 

.      1093 

Nitrous  gas 

.      1-094 

Azote 

.     0978 

Carbonic  oxide      .... 

.    0-956 

defiant  gas 

.     0-909 

Steam 

.     0700 

Ammonia 

.     0-600 

Carbureted  hydrogen  .     .     . 

.     0-600 

Arsenical  hydrogen      .     .     . 

.   O'jag 

Pliosplmreted  bjdrogen   .     . 

.    

Prusslcacid 

.    

Hydrogen 

.     0-0S4 

The  gases  usually  contain  water.     This  liquid  in 

most 

of  ihem  is  in  the  itate  of  vapour,  and 

uly  loosely  united.            ■ 

have  a  strong  affinity  for  water,  as  sulphi 

ric  acid,  dry 

^uri-            1 

ate  of  lime,  and  the  dry  fixed  alkalies. 
meots  of  Saussure  we  leani,  that  a  hundr 

From  the  e 

'.pen-            m 
es  of            ■ 

ed  cubic  inci 

air  saturated  with  moistiue  at  the  temperature  of  57' 

con-          1 

tain  0.a5  of  a  gram  troy  of  moisture. 

But  muriatic 

acid          J 

contains  at  least  one-fourth  of  its  weight 

of  water  in  a 

State         J 

of  intimate  combination,  from  which  it  cannot  be  deprived             | 

without  losing  its  elastic  form. 

1 

When  gaseous  bodies  are  brought  into 

contact  with  each           ■ 

.pe-           1 

cific  gravity,  and  when  once  mixed,  they  never  after  separate.            ^ 

By  this  mixture,  neither  the  bulk  nor  the 

specific  gravity  of          •  | 

HH 

J 

I."  .* 
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.  the  gaieous  bodka  is  altered.  This  mutual  mixture  seems 
to  be  analogous  to  what  happens  vrhen  liquids  aie  mixed 
together^  and  seems  explicable  in  the  same  waj.  It  seems 
to  be  owing  to  a  weak  attracticm  which  ensta  between  the 
paiticles  of  all  gaseous  bodies.  Mr  lUlltoii  iffirms,  that  it 
is  owing  entirely  to  the  difference  between  the  size  of  the 
particles  of  different  gases. 

Several  gases  have  the  property  of  uniting  intimately  with 
each  other,  and  of  forming  new  products  possessing  peculiar 
properties.  The  following  table  exhibits  a  view  of  those 
that  unite  upon  siniple  mixture  with  the  products  which 
ihey  form. 

ProducU^ 

Oxygen  with  nitrous  gas         *      /  Nitrous  acid. 

I  Nitric  acid. 
*   Ammonia  with  vapour       •     .    •     Liquid  ammonia. 

muriatic  acid    .     .     Muriate  of  ammoiua. 
fluoric  acid       .     .     Fluate  of  ammonia, 
carbonic  apid   .     .     Carbonate  of  ammonia, 
sulphurous  acid     .     Sulphite  of  ammonia, 
sulphureted  hydrogen  Hydrosulphuret  of  am- 
monia. 
Tlie  following  are  the  gases  which  combine  only  in  parti- 
cular circumstances  with  the  products  which  they  form : 

Products. 
Oxygen  with  hydrogen    .     .     .     Water. 

carbonic  oxide     .     Carbonic  acid. 

azote     ....     Nitric  acid. 

muriatic  acid  •     •     Oxymuriatic  acid. 

oxymuriatic  acid  •     Hyperoxymuriatic  acid. 

sulphui^us  acid    •     Sulphuric  acid. 

nitrous  oxide  ••    .     Nitric  acid. 
Tlie  combination  of  the  first  two  sets  is  produced  by  com- 
bustion, and  may  be  accomplished  either  by  a  red  heat  or  by 
the  electric  spark.     Oxygen  and  azote  unite  slowly  by  means 


ooK  in. 


AfPINITV. 


483 


of  electric  sparks,  but  without  combustion.     Little  bknown 
of  the  way  in  wbich  the  remaining  sets  combine. 

From  the  experiments  hitherto  made  it  follows,  that  when 
gaseous  bodies  uuite,  they  unite  either  in  equal  bulks  of  each, 
or  two  or  three  parts  by  bulk  of  one,  unite  with  one  part  by 
bulk  of  tho  other.  The  following  table  exhibits  a  view  of 
the  proportions  of  the  different  constituents  by  bulk  of  vari- 
ous compounds  formed  by  the  union  of  elastic  6uids. 


c^^ 

Coiutituents  by  bidk.                       1 

Muriate  of  ammonia  . 
C^arboaate  of  ammonia 
Subcatbooate  of  amiuom 

100  diiio  .... 
100  ditto  .... 
100  hydrogen  gas  . 
100  azotic  gas   .  .  . 
100  ditto  .     .     .    • 

100  ditto  .    .    .;. 

3O0  ditto  .... 
100  azotic  gas   .     . 
]00  tulphnrous  acid 
SOO  mi^iatic  acid    . 
100  carbonic  oxide  . 

1^  Srbi^ic  ^id  ^.' 

50  ojygenga* 

100  ditto 
200  ditto 
100  ditto 
100  ditto 
300  hydrogen 
SO  oiygen 

60  ditlo 

Nitrou.  Glide    .    . 
Nitrous  gas    .     .     . 
Nitric  acid     .     .     . 
Nitric  add    .    .    . 
Nitroua  add      .    ■ 

SulphuHcacid   .    . 

Carbonic  acid    .    . 

Some  gases,  when  mixed  together,  have  the  property  of 
mutually  decomposing  each  other.  The  following  is  a  liit 
of  these  gases. 

Oxygen     .     .       with  phosphureteii  hydrogen 
Oxymuriatic  acid  with  ammonia 

phosphureted  hydrogen 
hydrogen 

carbureted  hydrogen 
carbonic  o.'dde 
(tlefiant  gas 
sulpliureted  hydrogen 
sulphurous  acid 
nil  10 us  gas 
Hulphureted  hydrugeu  with  nitrous  gas 

Biilplmroui-  acid 
II  h  e 
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Many  gases  decompose  each  other  by  combustion  proda- 
•  ced  either  by  electric  sparks^  or  by  a  red  hot  body.    The 
following  are  the  prippipal  of  these  gases. 

Oxygen  with  sulphureted  hydrogen 

carbureted  hydrogen 
olefiant  gas 
vapour  of  ether 
alcohpl 
Nitrous  oxide  with  hydrogen 

phos{Aureted  hydrogen 
sulphureted  hydrogen 
carbonic  oxide 
carbureted  hydrogen 
0  olefiant  gas 

vapour  of  ether 
■  ■  ■  alcohol 

Nitroui?  gas  with  hydrogen 

sulphurous  acid^ 
Hydrogen  with     sulphurous  acid 

carbonic  acid 
Vapour  of  water  with  carbureted  hydrogen 

olefiant  gas 
muriatic' acid 
Wattr  absorbs  a  certain  portion  of  all  the  gases*  Some 
of  them  are  absorbed  only  in  small  quantity  by  that  liquid, 
others  in  large  quantity.  The  following  table  exhibits  the 
bulk  of  each  gas  absorbed  by  100  parts  of  water  freed  from 
air  by  boiiiug,  as  determined  by  the  experiments  of  Dr  Henry 
and  Mr  Dalton. 


w^mmgmm 
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AFrlNlTY, 


Gases.  . 

H^r- 

Dalton. 

Carbonic  acict     .     , 
Nitioua  oxide     .     . 

)08  • 
106 
86 

100       , 

100 
100 

Olefiaiit  gas  .    -    - 



i2-j 

Nitrous  gas    .     .     . 
Oxygen  gas    .     .     . 
Phosphuretedhjdrogeii 
Carbuieted  hydrogen 

5 

3-7 
3- 14 
1-4 

3-7 
37 

3-7 

Azotic  gas      .     .     . 
Hydrogen      .     .     . 
Carbonic  oxide   ,     . 

!-o3 
1-61 
2-01 

1-56 

1-56 
1-5G 

I 


Dr  Henry's  numbers  are  the  result  of  experiment:  Mr 
Dalton'a  of  experiment  moditied  a  little  by  a  happy  genera- 
lization. He  conceives  that  the  degree  of  tlie  absorption  of 
each  of  the  four  sets  into  which  the  gases  are  divided  by  the 
horizontal  Ihies  in  the  preceding  table  may  be  represented  as 
follows :        ' 

First  set.     Water  absorbs  its  own  bulk    =     p 

Second  set -J-tli  its  bulk      ;=     ^ 

Third  set     ^ =     gl 

Fourth  set  ■  ^ =     ^ 

From  this  generalization,  which  holda  at  least  very  nearly, 
it  follows  that  the  density  of  the  gases,  after  absorption,  is 
either  tlie  same  as  before  it,  or  at  least  some  submuluple  of 
it,  and  the  distance  between  their  particles  is  either  the  same 
at  before,  or  twice,  tlince,  or  four  times  as  great. 

Dr  Henry  has  shown,  that  whatever  be  tlie  densi^  of  the 
gas,  the  bulk  of  it  absorbed  is  always  the  same.  Ff  carbuuic 
acid  gas  be  reduced  by  pressure  to  twice  die  usual  densi^, 
vater  still  continues  to  absorb  its  ouii  bulk  of  it.    Ueoceby 
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increasing  the  pressure,  wtiter  may  be  'made  to  absorb  any 
quantity  of  a  gas  whatever*      > 

The, gases  stfll  x0mk  their  elasticity  after  they  have  been 
absorbed  by  water,  accordingly  they  makellieir  eacape  if  the 
water  be  placed  under  the  exhausted  receiver  (rf  an  air  pump. 

The  proportion  of  a  gas  absorbed  by  water  depends  very 
much  upon  its  purity.  Thus  water  absorbs  its  own  bulk  of 
pure  carbonic  acid  gas ;  but  if  the  carbonic  acid  gas  be 
mixed  with  common  air,  the  proportion  of  it  absorbed  is 
much  diminished.  Water  impregnated*  wddi  a  gas  must  be 
in  contact  with  a  portion  of  the  very  gas  absorbed,  otherwise 
that  gas  soon  makes  its  escape  altogether. 

As  the  temperature  increases,  the  absorbability  of  the 
gases  by  water  diminishes,  no  doubt  in  consequence  of  the 
increased  elasticity  of  the*  gases. 

This  absorption  of  the  gases  by  water  is  probably  the  con- 
sequence of  an  affinity  between  them  and  that  liquid.  Hence 
the  determinate  proportion  of  each  absorbed,  and  most  of 
the  other  phenomena,  admit  of  an  easy  explanation. 
.  The  alkaline  and  acid  gases  are  very  absorbable  by  water, 
and  of  course  are  acted  on  by  a  strong  af&nity.  The  follow- 
ing table  exhibits  a  view  of  the  bulk  of  each  gas  absorbed 
bv  one  measure  of  water. 

Oxymuriatic  acid    •     •         1*5  + 
Sulphurous  acid     •     •       33 
Fluoric  acid      •     •     •     175  + 
Muriatic  acid   •     •  '  •     516 
Ammoniacal  gas     .     •     780 

When  a  cubic  inch  of  water  is  saturated  with  these  gases, 
its  bulk  increases.    The  following  table  exhibits  the  bulk  of 
water  when  thus  saturated,  supposing  the  original  bulk'  to 
ave  been  1. 


Oxymtiriatic  acid 
Sulphurous  acitJ 
Muriatic  acid     . 


1'040 
1-500 


Ammoniacal       .     .     .     i-66Q 
lua  tlie  water  undergoes  an  expansion,  so  tliat  tlie  densi- 
"  tile  gases  absorbed  is  not  in  reality  so  great  as  it  ap- 
s  to  be.     The  following  table  exhibits  tUc  real  deiuities 
of  these  gasea  in  the  water. 

Oxymuriatic  acid      .     .      i-5 
Sulphurous     ....  31-7  =  3' nearly. 
Muriatic    ....      344-0  =  7' 
Ammonia  ....     4^a'0  =  8' 
That  these  gaseous  bodies  combine  chemically  with  water, 
cannot  be  doubted. 

The  simple  gases  have  the  property  of  combining  with 
diilcrcnt  solid  bodies,  and  of  forming  compounds  sometimes 
gaseous,  sometimes  liquid,  and  sometimes  solid.  Oxygen 
combines  with  two  doTcs  of  carbon,  forming  carbonic  acid 
and  carbonic  oxide,  both  gazes ;  the  lirst  a  product  of  com- 
bustion, the  second  a  combustible  oxide.  It  combines  witli 
three  dozes  of  phosphorus,  forming  oxide  of  phosphorus, 
phosphorous  acid  and  phosphoric  acid,  ail  of  which  are  solid 
bodies.  It  unites  likewise  with  three  doses  of  sulphur,  and 
forms  oxide  of  sulphur,  sulphurous  acid,  and  sulphuric  acid  : 
the  first  a  solid,  the  second  a  gas,  die  third  a  liquid.  It 
combines  in  various  proportiois  with  the  metals,  and  all  tke 
metallic  oxide  are  solids. 

Hydrogen  appears  to  combine  in  at  least  two  proportion* 
with  each  of  the  other  simple  combustibles.  It  unites  also 
with  several  of  the  metals,  Ifut  the  proportions  have  not  lieen 
ascertained. 
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OF    LIQCIBS. 

A  liquid   is  a  fluid,  not  sensibly  elastic,  the  psrta 
whicfa  vitid  to  ibe  smulkst  impresijioi),  and  move  easily 
each  oilier     Aii  hquidi  huve  a  r.ertaJD  cohesive  furce  bj 
which  their  parliclett  are  retained  together,  and  thia  I'orce 
much   greater  ui  mercury   thau  iii  water.     The  folloi 
table  exhibits  a  list  of  liquids  nith  Ihtdr  relative  tpecific  gr* 
vities. 

Water 1000 

Ethers 0-6aa  to  0-900 

Petroleum 07S0  to  0-878 

Volatile  oils        .     .     .  0?92  to  1-094 

Alcohol 0-796 

Fisedoils 0-yi3  to  0*968 

Supersulphureted  hjdrogeu       -  — 

Nitric  acid 1-583 

Sulphunc  acid    ....     1'885 

Phosphuret  of  sulphur      .     1 

Oxjmuriate  of  Qd    .     .     .  ■ 

Mercury 13-568 

Most  substances  are  rendered  liquid  by  heat ;  but  these 
are  the  only  bodies  that  are  peniianeiitly  liquid  in  this  coun* 

Sonic  liquids  may  be  mixed,  and  of  course  combine  in 
any  proportion  whatever.     In  this  respect  ihey  resemble  thfi 
ggsei.    The  following  is  a  list  of  these  liquids : 
Water  with  alcohol. 

nitric  acid. 
sulphuric  acid. 
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Alcohol  with  ether. 
Sulphuric  acid  with  nitric  dcid. 
fixed  oils  with  petroleum. 

volatile  oils, 
fixed  oils. 
Volatile  oils  with    petroleum. 

volatile' oils. 
These  liquids,  when  once  mixed,  form  a  homogeneous 
compound,  and  do  not  afterwards  separate  again.  The-union 
is  attend«d  with  the  evolution  of  heat,  and  with  a  certain 
degree  of  condensation,  for  the  specific  gravity  is  always 
greater  than  the' mean. 

The  following  table  exhibits  a  list  of  those  liquids  that 
unite  with  each  other  onl^  in  certain  proportions :  ^ 

Water  with  ether. 

volatile  oils, 
oxymuriate  of  tin* 
Alcohol  with  volatile  oils. 

petroleum. 
^   phosphuret  of  sulphur. 
Ether  with  volatile  oils, 
petroleum. 
Volatile  oils  widb  petroleum. 

The  following  table  exhibits  a  list  of  the  most  remarkable 
liquids  that  do  not  sensibly  combine  : 
Water  with  petroleum, 
fixed  oils. 

supersulphureted  hydrogen. 
Fixed  oils  with  alcohol. 

ether. 
Mercury  with  water. 

j|Icohol. 
ether, 
volatile  oils. 

petroleum* 
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No  doubt  Uie  action  of  liquids  on  each  odier  depokb 
apon  their  aflinity.  The  first  ckss  have  die  greatest  affinity 
for  each  other ;  that  of  die  second  is  greater^  and  that  of  the 
third  is  less  than  die  cohesion  of  die  particles  of  eich. 

Water  has  the  property  of  combining  with  a  veiy  great 
number  of  solid  bodies.  It  combines  with,  diem  in  two 
ways.  In  the  first  way  the  solid  retains  its  solidity  while  the 
water  loses  its  liquid  form. .  Such  combinations  are  caUed 
hydrates.  In  this  way  water  combines  widi  sulphur,  metal- 
lic oxides,  earths,  alkalies,  many  acids,  all  salts^  hydrosiil- 
phurets,  and  many  animal  and  vegetable  substances.  In  the 
second  way,  the  water  dissolves  the  solid,  and  the  whole  be- 
comes liquid.  In  this  way  it  acts  upon  many  acids,  alkalies, 
tearths,  salts,  and  vegetable  substances. 

These  combinations  are  all  chemical,  and  the  hydrates  ap- 
pear to  be  the  most  intimate.  Their  specific  gravity  is  always 
greater  than  the  mean,  while  the  specific  gravity  of  saline  so- 
lutions is  usually  less  than  the  mean. 

The  action  of  the  other  liquids  on  solids  has  been  hither- 
to but  imperfectly  investigated. 
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OF  SOLIDS. 

Solids  are  bodies  composed  of  particles  that  cohere  to- 
gether^  and  cannot  be  moved  among  themselves  without  the 
exertion  of  a  force  sufficient  to  destroy  the  cohesion  of  the 
body.  They  are  very  numerous,  and  their  specific  gravity 
varies  more  than  that  of  gases  or  liqui4^  The  following 
table  exhibits  the  specific  gravity  of  the  most  remarkable 
solids : 


r     .       ^ 
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Sp.  gravity. 

Charcoals       .     .     .     ■     • 

0-223  tol-ASG 

Vegetable  bodies    .     .     . 

0-24«  to  1-354 

Salts 

0-273  to  7-176 

Earths 

0-346  to  4-842 

Solid  acida 

0-667  to  3-39) 

Earthy  compounds       .     . 

0  090  to  4-813 

Bitumens  and  solid  oils    . 

0-892  to  1-357 

Fixed  alkalies     .... 

1-336  to   1-703 

Phosphorus 

1-770 

Carburets  of  iron     .     .     . 

1-937  to  7-840 

Sulphur 

1-990 

Glass 

2-732  to  3-329 

Carbon 

3*518  to  3-531 

Metallic  sulphurets     .     • 

3.225   to    10-000 

Metals  and  alloys  and  oxide 

s  0-600  to  23.00 

'llie  following  solids  combine  with  each  other  in  any  pro-           j 

portion  whatever: 

1 

Sulphur  with  phosphorus. 

1 

Carbon  with  iron  ? 

1 

Metals  with  most  metals. 

1 

Protoxide  of  antimony  with  sulphuret  of  antimony.                 J 

Earths  with  earllis. 

_^^^l 

Earths  witli  some  metallic  oxides.                            ^^^^| 

Some  earths  with  fixed  alkalies. 

"«■ 

Fixed  alkalies  with  solid  oils. 

^1 

Solid  oils  with  each  other  and  n 

itb  bituuei.                          '1 

All  Oiene  combinations  are  produced   by   means  of  heat ;            | 

unless  they  be  brought  into  fusion,  or 

at  least  one  of  tliem, 

they  do  not  combme. 

The  following  table  exhibits  the 

principal  solids  which 

have  been  observed  to  unite  only  in  determinate  proportious  :        M 
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Solphur  with  metals; 

some  metallic  Oxides. 

earths. 

fixed  alkalias  i 
Phosphorus  with  carbon. 

metals. 

some  earths. 
Acids  with  alkalies. 

'eartbe. 

metallic  oxides. 
These  combinations  are  more  intimate  than  the  preced- 
ing, they  have  been  more  accurately  examined,  and  are  bet- 
ter known.  They  never  take  place  unless  one  of  the  bodies, 
at  least,  be  brought  first  into  a  liquid  state,  either  by  means 
of  heat,  or  by  solution  in  water. 

The  salts  are  the  most  important  of  these  cbnibiaations, 
and  a  vast  number  of  experiments  have  been  made  in  order 
to  ascertain  the  proportions  in  which  their  constituents 
combine.  The  following  table  exhibits  the  general  result  of 
these  experiments.  The  numbers  represent  the  weight  of 
the  different  acids  and  bases  which  neutralize  each  other  re- 
spectively : 


Acids. 

« 

Sulphurous    . 

.     .     50 

Barytes    .     .     . 

.     .    63 

Oxalic      .     .     . 

.     59-5 

Stroiitian      .     • 

.     .    37 

Nitric       .     .     . 

.     .     34 

Potash    •     .     . 

.     .    38 

Sulphuric      •     . 

.     31 

Soda       .     •     .     . 

.     .    25-3 

Phosphoric    .     , 

no 

Lime       .     .     •     . 

.     .    21-8 

Muriatic  .     . 

.     .      18 

Magnesia     .     .     . 

.    .    17'6 

Carbonic  .     .     . 

.     16-5 

Ammonia     •     •     . 

.     .      9 

Phosphorous 

.     .     16 

• 

Suppose  we  w 

ish  to  form 

sulphate  of  barytes- 

—from  tlu 

above  table,  it  appears  that  we  must  unite  together  31  parts 
by  weight  of  sulphuric  acid,  and  63  parts  of  barytes. 


BOOK  111.  AFTINITY.,  "  493 

From  various  experimeirts  hitherto  made,  it  appears  that 
ihe  supersalts  coutain  twice  as  much  acid,  and  the  subsalts 
twice  as  much  base,  as  the  neutral  salts.  Suppose  that  a 
given  quantity  of  sulphate  of  potash  is  composed  of  100 
potash,  united  with  x  of  sulphuric  acid,  then  supersulphate 
of  potash  is  composed  of  100  potash,  united  with  ii  x  sul- 
phuric acid.  The  triple  salts  appear  to  cousist  of  two  dif- 
ferent salts  united  together,  llius  alum  may  be  considered 
as  a  compound  of  sulphale  of  potash  aud  sulphSle  of  alu- 
mina. 

According  to  the  old  doctrine  of  affinity  delivered  by 
Bergman,  all  bodies  capable  of  combining  hive  an  ufiinity 
for  each  other.  This  affinity  is  a  constant  force,  which  may 
be  represented  by  numbers.  Affinity  is  elective  ;  that  is 
to  say,  if  a  has  a  stronger  affini^  for  m  than  b  has,  and  if  m 
be  combined  with  6,  forming  a  compound  which  we  may 
represent  by  ml) ;  a,  upon  being  mixed  with  this  compound, 
has  the  property  of  separating  b  completely  from  m,  and 
taking  its  place  so  as  to  form  a  compound,  tna,  while  6  is 
entirely  disengaged.  This  doctrine  has  been  lately  called  ij» 
question  by  BerthoUet,  and  the  greatest  part  completely  re- 
futed. According  to  BerthoUet,  affinity  is  not  elective,  and 
never  occasions  decomposition,  but  only  ctmbination.  The 
decomposi lions  »hich  take  place,  are  owing  to  other  causes, 
such  as  insolubility,  elasticity,  6tc.  lliough  tliis  new  opinion 
renders  Bcrgman'a  tables  of  decomposition,  of  little  compara- 
tive value ;  yet  as  they  are  iu  some  cases  useful,  aud  are 
often  referred  to,  it  has  been  thought  worth  while  to  sub- 
join them  to  this  woik. 
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TABLE  OF  DECOMPOSITIONS. 


TABLE  OF  CHEMICAL.DECOMPOSmONS. 


I. 

Alkalies. 


Sulphuric  acid 

Kitric 

Muriatic 

Phosphoric 

Fluoric 

Oxalic 

Tartaric 

Arsenic 

Succinic 

Citric 

Formic 

Benzoic 

Acetic 

Saclactic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussia 


Tartaric 

Succinic 

Phosphoric 

Saclactic 

Nitric 

Muriatic 

Suberic 

Fluoric 

Arsenic 

Citric 

Malic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 


II. 

BaRTTES  AN] 

Strontian. 


IV. 
Magnesia 


Sulphuric 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Saclactic 

Nitric 

Muriatic 

Suberic 

Citric 

Tartaric 

Arsenic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 


Oxalic 

Phosphoric 

Sulphuric 

Fluoric 

Arsenic 

Saclactic 

Succinic 

Nitric 

Muriatic 

Tartaric 

Citric 

Malic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 


III. 
Lime. 


Oxalic 
hilphuric 


V. 

Alumina. 


Sulphuric 

Nitric 

Muriatic 

Oxalic 

Arsenic 

Fluoric 

TattaiU 


SuGciiiic 

Saclactic 

Citric 

Phosphoric 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 


VL 

Oxide   o» 

Gold. 


Succinic 

Arsenic 

Phosphoric 

Sulphuric 

Saclactic 

Tartaric 

Citric 

Sulphurous 

Nitric 

Fluoric 

Acetic 

Boracic 

Prussic 

Carbonic 


Muriatic  acid 

Nitric 

Sulphuric 

Arsenic 

Fluoric 

Tartaric 

Phosphoric 

Prussic 


VII. 
Oxide  of  Sil- 
ver. 


Muriatic  acid 

Oxalic 

Sulphuric 

Saclactic 

Phosphoric 

Sulphurous 

Nitric 

Arsenic 

Fluoric 

Tartaric 

Citric 

• 

Formic 

Acetic 

Succinic 

Prussic 

Carbonic 


VIII. 

Oxide  of 

Mercury. 


Muriatic 


IX. 

Oxide  OF  Cop- 
per. 


Boracic 
Pmsnc 
Carbonic 


XI. 
Oxide  or 

Nickel. 


Oxalic  acid 

Tartaric 

Muriatic 

Sulphuric 

Saclactic 

Nitric 

Arsenic 

Phosphoric 

Succinic 

Fluoric 

Citric 

Formic 

Acetic 

Boracic 

Prussic 

Carbonic 


Oxalic  add 

Muriatic 

Sulphnric 

Tartaric 

Nitric 

Phosphoric 

Fluoric 

Saclactic 

Succinic 

Citric 

Formic 

Acetic 

Arsenic 

Boracic 

Prusnc 

Carbonic 


XIL 
Oxide  or  Tin. 


X. 

Oxide  OF  Iron 


Oxalic  acid 

Tartarous 

Camphoric 

Sulphuric 

Saclactic 

Muriatic 

Nitric 

Phosphoric 

Arsenic 

Fluoric 

Succinic 

Citric 

Formic 


Z 


Tartaric  acid 

Muriatic 

Sulphuric 

Oxalic 

Arsenic 

Phosphoric 

Nitric 

Succinic 

Fluoric 

Saclactic 

Citric 

Formic 

Acetic 

Boracic 

Prussic 


XIII. 

Oxide  or 

Lead. 


Sulphuric  acii! 

Saclactic 

Oxalic 


TABLB  OF  SECOMrOllTIOMS. 


Aiuuic 

Muriatic 
Phosphoric 

SutphSTOU) 

Suberic 

Nitric 

Fluoric 

Citric 

Fomic 

Acetic 

ilcecic 
PniMie 

CarboDie 

Nitric 
Fluoric 

Shcina 
Yttrii 

Alumina 
Zirconia 

XXV. 

C*.BON.C 

Acin. 

XVI. 
OiiDFOf  An- 

lucciuic 

Citric 
Formic 

Bar„e. 
itrontum 
Lime 

Muriaric  acid 

Benzoic 

OiaHc 

Sulphuric 

Nitric 

Fartaric 

Arjwiic 

Boracic 
Pruiiic 
Carbonic 

XXII. 

SCLFUUROUS 

Acid. 

!oda 
Magnesi* 

Prwric 

XIX. 
OiiDior 

MA«CAHt5i;. 

Potash 

Soda 

Strontian 

Clucina 
Zirconia        . 

XXVI. 

N.ra.c  Acid. 

XIV. 

0«Di!  or 

Zwc. 

Phoiphorie 

Citric 

Succlnll 

Fluoric 

Acetic 

Boracic 
Pruiiic 
Carbonic 

0«llc  add 

Citric 

Phosphoric 

Tartaric 

Fluoric 

Muriatic 

Sulphuric 

Nitric 

Saclaciic 

Tartaric 

Baryta. 

Oiilic  add 
Sulphuric 
Muriatic 

Soda 

Suonliln 

Lime 

Nitric 
Tartaric 

Phosphoric 

XXIII. 

PflOSfHOSlC 

AciB. 

Glucina 
Alumini 

XVII. 

QXIDE  OF  At- 

Succinic 
Fluoric 

Baryte. 

Lime 

Potash 
Soda 

XXVI!. 
XKVIIJ. 

Mt-MIATIC  & 

AcETicAcms. 

Formic 

Muriatic  acid 

Onalic 

Sulphuric 

Nitric 

Fartaric 

Carbonic 

Pruiuc 
CifhoBic 

XX. 

31.BK  or  Tl- 

Magncia 
Glacina 

Baritei 
Potaih 

Soda 

Fluoric 

priDE  or  Bis- 

Phojphor.  acit 

Muriatic 
Niiric 

XXIV. 
Phosphoious 

Magnebia 

Oxalic  acid 

Formic 
Antnic 

Tartaric 
Muriatic 

Lime 
B^tyte. 

Zitconia 

XXIX. 

niT«ui.iATie 

XVili. 

XXL 

SULPBUKIC 
AC[D. 

Potash 
Soda 

Alomina 
Zirconia 

PolaA 
Soda 

Lime 

Eaclactic 

Citric 
firmk 

Oialic  acid 
Muriatic 

B.ryte. 
StrontijB 
Potaah 
Soda 

496 


TABLS  OF  DXeOMP08ITiailll« 


AmmoDia 
Magnesia 
Alumina 


XXX.  XXXI. 

XXXII. 

xxxin. 

Fluoeic,  Bo- 
BACIC,  AasE- 
siic,  &  Tung- 
STIC  Acids. 


Lime 

Barytes 

Strontian 

Magnesia 

Potash 

Soda 

Ammonia 

Alumina 


Ume 

Barytet 

Strontian 

Magnesia 

Potash 

Seda 

Anmionia 

Glucina 

Alumina 

Zircoma 


XXXIV. 
OxALio  Acid. 


XXXV. 

Citric  Acid. 


Lime 

Barytes 

Strontian 

Magnesia 

Potash 

Soda 

Ammonia 

Alumina 

Zircoma 


XXXVI. 
BbmzoicAcio. 


Potash 

Soda 

Ammonia 

Barytes 

Lime 

Magnesia 

Alumina 


xxxvn. 

Succinic 
Acid. 


Barytes^ 

Lime 

Potash 

Soda 

Ammonia 

Magnesia 

Alumina 


Lime 

Potash 

Soda 

Barytes 

Ammonia 

Alumina 

Magnesia 


XXXVIII. 

Caui^ouc 

Acid. 


XXXIX. 

SuBEEic  Acid 


XI/. 

Peussic  Acid, 


Barytes 

Strontiafe 

Potash 

Soda 

Lime 

Magnesia 

Aihmonia 


XLL 
Fixed  Oils. 


Barytes 

Potai£i 

Soda    ^ 

Lime    ' 

Ammonia 

Magnesia 

Alumina 


JLxme 
Barytes 
Fixed  alkalies 
Magnesia 
Ammonia 
Oxide  of 


cury 
Other  metaOiQ 

oxides 
Alununa 


THE  END. 
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